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THE GROUND-WATER RESOURCES 
OF WASHINGTON COUNTY, NEW YORK 
By R. V. CUSHMAN 


ABSTRACT 


This report was prepared as part of a Statewide survey of the ground-water resources 
of New York in cooperation with the State Water Power and Control Commission. Its purpose 
is to provide the basic facts relating to the occurrence, quality, and availability of ground water 
in Washington County. 
Washington County is one of the eastern tier of New York counties. It contains small 
areas of the Adirondack and Taconic uplands and the intervening Hudson-Champlain lowland. 
The bedrock exposed at the surface or lying beneath the glacial drift consists of ancient 
crystalline rocks in the Adirondack area and more than 5,000 feet of early Palezoic sedimen- 
tary rocks in the Hudson-Champlain lowland and the Taconic section of the New England 
Upland. Bedrock in Washington County has a low effective porosity but is commonly broken 
by a well-developed system of joints, which control the movement and storage of water. The 
yields of wells drilled into bedrock range from less than a gallon per minute to 80 gallons per 
minute and average about 9 gallons per minute. It has been found uneconomical to drill more 
than 250 feet into bedrock in Washington County, as there is generally no appreciable in- 
crease in the yield below that depth. 


Bedrock is mantled by unconsolidated deposits of glacial origin. Beds of coarse sand 
and gravel in outwash and delta deposits are the most productive water-bearing beds in the 
County and they present the best possibilities for large-scale ground-water development. The 
average yield of wells penetrating sand and gravel, for which records were obtained, is about 
100 gallons per minute. It is believed that the deposits will yield much larger quantities to 
individual wells by the use of modern methods of well construction and development. 


The total daily withdrawal of ground water in Washington County is estimated to be 
4 million gallons. Approximately half this amount is for public supply, and 5 of the 9 munici- 
pal systems in the County use ground water. The amount of ground water used by industry 
is relatively small, the principal use other than for public supply being rural. Several munici- 
pal and a few domestic supplies are obtained from springs. 


Chemical analyses show that the quality of ground water in Washington County, in 
general, is acceptable for most uses. However, water analyzed from four wells in the Snake 
Hill formation is classed as mineral water and water from two of these is similar to the mineral 
water in the Saratoga Springs area. 



INTRODUCTION 
The investigation of ground-water conditions in Washington County, N. Y., begun in 
January, 1946, is a part of a county-by-county study of the ground-water resources of the up- 
state region of New York by the United States Geological Survey in cooperation with the New 
York Water Power and Control Commission. Several other State agencies also sponsor the 
studies and give assistance, including the State Science Service, Bureau of Soil Mechanics, 
and the Departments of Health and Commerce. The purpose of this investigation is to provide 
basic information as to the principal sources of ground water and the quantity, quality, and 
methods of recovery of these water supplies, which will assist individuals, industries, and mu- 
nicipalities. 
The work was done under the direct supervision of E. S. Asselstine, geologist in charge 
of the areal office of the Geological Survey at Albany, and under the general supervision of 
M. L. Brashears, Jr., and J. E. Upson, successive district geologists of the Geological Survey 
at Mineola. 


LOCATION OF AREA 
Washington County is one of the eastern tier of counties in New York and is about 
midway between New York City and the Canadian border. Most of the County lies between 
meridians 73°15' and 73°38' west longitude and parallels 42°57' and 43°48' north latitude. It 
is bounded on the north by Essex County and on the south by Rensselaer County. The Hudson 
River and Lake George lie to the west and Lake Champlain and the State of Vermont lie to the 
east. 


The total area of Washington County is 837 square miles, which has been divided into 
17 townships. It has an average width of about 18 miles and a maximum length of 60 miles. 
Its northern or interlake part has a width of only about 5 miles. 
The location of Washington County with respect to boundaries of the State and to other 
areas in which cooperative ground-water investigations have been made or are in progress is 
shown in figure 1. 


METHODS OF INVESTIGATION 
As part of the field work in Washington County, well owners and drillers were inter- 
viewed and records were collected for more than 500 wells and springs used to furnish munici- 
pal, industrial, and domestic supplies. Samples of water were collected from 35 wells or 
springs, which were analyzed at the New York State Department of Health laboratory in 
Albany, and at the U. S. Geological Survey laboratory of the Quality of Water Branch, in Wash- 
ington, D. C. Other analyses were furnished by the State Department of Health. Considerable 
time was devoted to a study of the rock formations of the area, as there had been little syste- 
matic mapping of the regional geology of large parts of the County. A well at Salem (W 264) 
was selected for periodic measurement of the ground-water level in order to determine the re- 
lation between water level, precipitation, stream flow, and other natural phenomena. Similar 
measurements of water level were made in 5 other wells in the vicinity of Cambridge for a 
period of several months, to determine the gradient of the water table in that area. Geophysi- 
cal measurements, using the electrical-resistivity method, were made at 10 locations in the 
Cambridge-Salem area to determine the depth to bedrock and the character of the overlying 
material. Selected parts of these data are presented in the report. 
It was not practicable in all cases to ma ke measurements of well depths and water 
levels, because pumps cover many of the wells. Many of these data were taken from state- 
ments of drillers or owners, and in many cases only incomplete records for wells were avail- 
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able. A few well-drilling firms keep excellent records, but most keep records of only depth of 
well and length of casing. Other details of construction are reported from memory. In general, 
little attention is paid by drillers to unconsolidated deposits overlying the bedrock. The neces- 
sity for detailed information about subsurface conditions for the- economic development of 
ground-water resources, as well as for other construction purposes, makes it desirable for well 
drillers to maintain complete and accurate records. By so doing they will render a valuable 
service to the people of the State, as well as benefit their own profession. 
The locations of all wells and springs for which records are given in this report are 
shown on plate 1. The wells have been numbered in sequence- beginning with W 1, and the 
springs are similarly numbered, beginning with W 1Sp. 
As an aid in reporting a well or spring location anywhere in New York State, meridian 
lines at 15-minute intervals have been lettered consecutively from west to east, beginning with 
"A" and ending with "Z". Similarly, parallels of latitude have been numbered at 15-minute inter- 
vals from north to south, beginning with "I" and ending with "17". The coordinate letters 
and numbers applying to Washington County are shown on the well location map (pI. 1). 
Intersections of the coordinates form points from which, by distance and direction, wells and 
springs can be located. For example, well W 68 (7Z, 2.8S, 4.1E) can be found 2.8 miles south 
and 4.1 miles east of the intersection of coordinates "7" and "Z". The coordinates, distances, 
and directions for each well and spring location are shown in the tables of well and spring 
records. The prefix "w" in each well and spring number has been omitted on plate 1 as all. 
wells and springs shown are in Washington County. 


PREVIOUS REPORTS 
The list of references at the end of this report gives the publications that are pertinent 
to the present investigation. Reports are included which aided in determining the geologic 
sequence of the water-bearing beds encountered in wells. The map of bedrock geology (pI. 2) 
was modified by the writer from earlier work by Dale (1899), Ruedemann (1930), and New- 
land and Vaughan (1942). (See references.) 
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which analyzed water samples. 


4 



GEO(
RAPHY 


TOPOGRAPHY 
Washington County comprises parts of four physiographic areas of the northeaster 
United States: the Adirondack province, the Hudson Valley section of the Appalachian Valley 
and Ridge province, the Champlain section of the St. Lawrence Valley, and the Taconic section 
of the New England province (fig. 2). In Washington County the Hudson and Champlain Val- 
leys form one physiographic unit, which is here referred to as the Hudson-Champlain lowland. 
The Adirondack Mountain area is underlain by ancient (pre-Cambrian) crystalline rocks 
which have resisted the effects of prolonged erosion. The surface is rugged, altitudes ranging 
from 2,334 feet at Buck Mountain in the northwestern part of the township of Fort Ann to 100 
feet on Lake Champlain. The mountain masses tend to be arranged in short ridges roughly 
parallel and trending northeast by southwest. This topography reflects a series of large normal 
faults that divide the Adirondack area into huge blocks, which tilt downward to the northwest. 
Bedrock is frequently exposed at the land surface and the soils, where they exist, are generally 
thin and of poor quality. Most of the area is heavily wooded, and habitations are few and 
scattered. 
The Hudson-Champlain lowland is essentially a broad depression eroded in soft shale 
and limestone by the preglacial and interglacial Hudson. River and by glacial ice. The rock 
trench, filled with a thick series of clay and sand, at present is occupied by the more or less 
winding course of the Hudson River on the south and the channel of Wood Creek on the north. 
The altitude of the land surface in the center of the depression rises gradually from about 100 
feet at Fort Edward on the south to about 150 feet in the vicinity of Dunham Basin east of 
Hudson Falls, descending again to about 100 feet at Lake Champlain. The high point is the 
divide between the Hudson River and Lake Champlain basins. The banks of the Hudson River 
south of Fort Edward nearly everywhere ascend gradually but in some places abruptly, to 
benches or terraces with altitudes of 200, 300, and 400 feet above sea level. These terraces are 
being dissected by small tributaries leading to the Hudson River. 
The Taconic area in the east covers more than 55 percent of the County. The western 
boundary, along the Hudson-Champlain lowland, is abrupt and is marked by a low range of 
hills which extends the length of the County, and includes such elevations as Willard Moun- 
tain, Schuyler Mountain, Bald Mountain, Marion Hill, and the Pinnacle. The upland is a west- 
ward-sloping plateau whose altitude decreases from about 600 feet to 400 feet above sea level. 
The area is underlain by sedimentary rocks, which have been strongly metamorphosed and 
thus strengthened to resist erosion, and presents a highly irregular surface. The topography is 
marked locally by numerous elongated steep hills and oval hillocks, which have a general 
north-south trend, though in much of the area there is no alinement of the ridges and valleys. 
The surface was considerably modified by the passage of the ice sheet, which abraded the rock 
surfaces, deposited a thin mantle of glacial till over much of the area, and here and there form- 
ed rounded or conical glacial hills known as kames and drumlins. 


DRAIN AGE 
The Champlain-Hudson divide traverses the County about midway between its northern 
and southern limits, and the drainage from the land surface is about equally divided between 
the two basins. North of the divide the drainage is by Lake Champlain and the St. Lawrence 
River to the Atlantic Ocean, and south of the divide by the Hudson River, also to the Atlantic. 
The surface water of the northern area is discharged by three large streams: the Poultney 
River which forms the northeastern boundary of the County, the Mettawee River, and Wood Creek 
(pI. 1). Numerous smaller streams flow directly into Lake Champlain and Lake George. AI.. 
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Figure 2.-Map of physiographic divisions in Washington County. 
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most the entire drainage basin of Wood Creek is included in the area. South of the divide the 
Hudson River emerges from the Adirondack Mountains and turns south at Hudson Falls to 
form the western boundary of the County. It receives drainage through two large tributaries on 
the east, Batten Kill and the Hoosic River. Batten Kill rises in Vermont, enters the County east 
of Cambridge, flows westward, and discharges into the Hudson River at Clarks Mills (pI. 1). 
Westward from Greenwich the river skirts the edge of a triangular mass of sand and gravel 
which represents a delta built by the Batten Kill into Lake Albany (pl. 3), the body of water 
that occupied the Hudson Valley in late Pleistocene time. The Hoosic River drains the southern 
part of the County, forming part of the southern boundary. 
There has been derangement of the preglacial drainage pattern in some sections of 
Washington County, as indicated by the reversed courses of some streams. The normal pattern 
of preglacial and present-day streamflow is to the south or west. Originally Batten Kill prob- 
ably flowed southwest through the present Owl Kill valley, but the upper part of the stream 
valley between Shushan and Cambridge was later filled with drift or ice and the river was 
forced to turn to the northwest. The low divide that separates Owl Kill from Batten Kill and 
the narrow steep-sided valley of Batten Kill below Shushan are further evidence that the river 
formerly drained through the partly buried valley at Cambridge. Similarly, the northward- 
flowing Poultney River in Washington County probably once flowed southwestward from Poult- 
ney, Vt., and entered the Mettawee River valley near Raceville. (See pl. 1.) 
Most of the present lakes of the region were formed at the close of Pleistocene time. 
They occupy channels or depressions carved out by the erosive action of the ice which later 
dammed on one or more sides by Pleistocene deposits. Cossayuna Lake and Summit Lake, the 
two largest in the County, were formed in this manner. 
In cooperation with the New York Department of Public Works and other State agencies, 
the U. S. Geological measures streamflow at about 200 stations on large and small streams 
throughout the State. Table 1 lists the stream-gaging stations in or near Washington County 
and the duration of the records. A listing for the entire State is given in Geological Survey 
Circular 138 (1950). 
Table I.-location of stream-gaging stations in or near Washington County and the record available 


Stream 


Drainage 
area 
(sq. miles) 


Years of 
record 
available 


Glens Falls feeder at Glens Falls (canal season only) ...... 
Glens Falls feeder at Dunham Basin (canal season only) 
Bond Brook at Dunham Basin................................................ 
Batten Kill at Arlington, Vt. ................................................ 
Batten Kill at Battenville.................................... .................... 
Hoosic River near Eagle Bridge............................................ 
Walloomsac River at North Bennington, Vt. .................... 
Lake George outlet at Ticonderoga........................................ 
Schroon River at Riverbank.. .... .......... ............................ ...... 


14.7 
152 
394 
510 
111 
234 
527 


1927- 
1945- 
1947- 
1929- 
1923- 
1910-21; 1923- 
1931- 
1904-5; 1942- 
1908- 


CLIMATE 
The climatic conditions prevailing in Washington County are those of a humid continen. 
tal climate characterized by a wide range in temperatures, by heavy snowfall during the winter, 
and by a moderately heavy total annual precipitation. Although no detailed records are avail- 
able for the upland areas, weather conditions appear to be quite uniform in all parts of the 
County. 
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At various times since 1829, the U. S. Weather Bureau has operated a total of 10 dif- 
ferent precipitation stations in Washington County but at present 6 stations are operated 
(table 2). According to the available records, the average annual precipitation for the 10 sta- 
tions ranges from about 33 inches at Ticonderoga in the Champlain Valley and in the lee of 
the Adiropdack Mountains to about 40 inches at Easton at the western base of the Taconic 
upland. The mean annual precipitation for all stations is about 36 inches. 


Although the precipitation is fairly well distributed throughout the 12 months of the 
year, it is generally heaviest in the late spring and early summer and again in the winter. 


Table 2.-Average precipitations and temperature at 10 Weather Bureau 
stations in or near Washington County 
Altitude Total precipitation Snowfall 
above Mean Length Mean Length 
sea annual of annual of 
level <inches) record <inches) record 
(feet) (years) (years ) 


Station 


Temperature 
Mean Length 
annual of 
(OF) record 
(years) 


Argyle 300 33.70 10 
Carvers Falls 250 34.81 13 
Easton 450 39.56 23 
Glens Falls a 346 39.14 46 
Greenwich 360 35.77 17 
Salem a 490 35.79 12 
Schuylerville a 110 36.73 5 
Smiths Basin a 150 39.25 3 
Ticonderoga a 206 33.02 20 
Whitehall a 140 36.36 8 
a In operation in 1951. 


71.25 37 


64.79 17 
59.23 4 


46.00 46 
46.00 4 
45.33 17 
47.28 6 


Thus, the greatest precipitation is during the growing season, when it is of most benefit to 
crops, and during the winter, when favorable conditions exist for recharging the ground water, 
or for accumulation of snow which melts in the spring and adds to the recharge. The average 
number of days with precipitation of 0.5 inch or more is 20 per year. The range between the 
wettest and driest years is wide. The snowfall for the region is relatively heavy, the average 
annual depth of snow measuring more than 68 inches, or nearly 6 feet. Most of the snow falls 
during the months of December, January, and February. 


The mean annual temperature at four Weather Bureau stations is 46.0° F, which com- 
pares closely with a mean annual temperature for the entire State of 46.4 ° F. The range in 
monthly mean temperature is about 49° F, from 19° F in January to 68° F in August. The 
absolute range in temperature is much greater, however. The highest and lowest temperatures 
for the period of record, 100° F and -37° F, were recorded at Whitehall in 1943, a recorded 
range of 137° F. The average length of the growing season for 20 years of record is 150 days; 
the average date of the latest killing frost in spring is May 7, and the average date of the earliest 
killing frost in the fall is October 5. 


GEOLOGY 
As the occurrence of ground water in Washington County is fundamentally related to 
the geology, the pages that follow provide a description of the principal rock types found in the 
County and a summary of the geologic structure. 
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GENERAL RELATIONS 


It has been stated in this report (see section "Geography, topography") that Washing- 
ton County is broadly divided into three physiographic areas: (1) the Adirondack mountains, 
(2) the Hudson-Champlain lowland, and (3) the Taconic upland. These three regions are an 
expression of differences in geologic structure and rock type. 


The Adirondack area is underlain by pre-Cambrian crystalline rocks known as the Gren- 
ville series (pI. 2). On the south and east is the Hudson-Champlain lowland, an area of nearly 
flat-lying sandstones, limestones, and shales of early Paleozoic age-the Potsdam sandstone, 
the Beekmantown limestone and limestone of the Trenton group, and the Snake Hill forma- 
tion. They are separated from the rocks of the Adirondack area by major high-angle faults. 
The Taconic area, east of the Hudson-Champlain lowland, is underlain by a series of metamor- 
phosed grits, slates, shales, and interbedded limestones, and is separated from the rocks of the 
Hudson-Champlain lowland by great thrust faults. The sediments of these formations were de- 
posited at about the same time as those in the Hudson-Champlain lowland but in an entirely 
separate basin to the east. They have been brought into their present position by movement 
westward in great thrust sheets so that they overlie, in part, the eastward extension of the 
strata exposed in the Hudson-Champlain lowland. These rocks make up the slate hills in the 
eastern part of the County and are represented on the geologic map (pI. 2) by the rocks of 
the Taconic sequence and the Walloomsac slate. Geologic sections across Washington County 
are also shown on plate 2. 


The consolidated rocks are mantled in most places by unconsolidated material deposited 
during the Pleistocene epoch (pI. 3). During this epoch continental ice sheets from the north 
several times advanced across the County and then melted away. The glaciers eroded and 
smoothed the bedrock surface and in some areas laid down thick deposits of unconsolidated 
material. The deposits consist mainly of glacial till or ground moraine (sometimes referred to 
popularly as "hardpan") and of beds of sand, gravel, and clay, which were sorted and laid 
down by meltwaterse from the glacier. In addition, small amounts of clay, silt, and sand have 
been deposited on the flood plains of the larger streams of the County during Recent time. 


The sequence, physical character, and water-bearing properties of the rock units are 
summarized in table 3. More detailed descriptions of the physical character of the rocks of 
Washington County are given in the section on Stratigraphy. 


GEOLOGIC STRUCTURE 


The geologic structure of the rocks in Washington County is varied and complex. The 
complexity becomes progressively greater in an easterly direction as the major forces pro- 
ducing mountain building and rock movement were from that direction. The mass of the 
Adirondack Mountains in the County is composed of dense and compact rocks that have with- 
stood the compressive force from the east. They have been moved upward with respect to the 
sedimentary deposits of the Hudson-Champlain lowland and are broken into huge blocks by 
intersecting high-angle faults. These faults in many places separate the crystalline rocks from 
the valley sediments. Earlier forces, however, altered the original crystalline and sedimentary 
rocks so that they now have a squeezed and metamorphosed appearance. This pressure and al- 
teration has reduced the primary porosity to almost zero, but the rocks are broken by inter- 
secting joint sets that divide them into rhomboidal blocks. It is believed that the joint open- 
ings become essentially closed below depths of several hundred feet owing to the pressure of 
the rocks above them. 
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The sandstone, dolomite, and limestone of the Hudson-Champlain lowland, because of 
their compactness and their more westerly position, have resisted the forces causing folding 
and crumpling. Instead, the pressure was taken up by breaking along joint planes. The two 
principal sets of joints trend approximately N. 50° W. and N. 40° E., respectively. Thus, the 
joints form a pattern of two sets of parallel vertical planes intersecting at approximately right 
angles. Joints trending in other directions exist but are not prominent. The joints decrease in 
number and size of opening with depth and are believed to become closed at depths below 
200 to 300 feet. 
The rocks of the Taconic sequence exhibit the most intricate structure. Because of their 
more easterly position and physical character, they have taken up most of the compressive 
force from the east. .They are highly folded and faulted, and the mapping of the smaller 
structural details is beyond the scope of this report. They are cut by numerous cleavage and 
joint planes which intersect at various angles and divide the rock into very small blocks. The 
compressive forces have further moved the crumpled mass as a unit in a westerly direction 
along extensive low-angle faults called "thrusts". An almost continuous ,thrust plane, extend- 
ing the length of the County from south of Greenwich to north of Whitehall, marks the west- 
ern limit of the rocks of the Taconic sequence. These rocks now overlie the rocks of the valley 
in the vicinity of the thrust fault. It is probable that the rocks of the Taconic sequence are 
relatively thin in the vicinity of the fault and that deep drilling might pass through them and 
penetrate the relatively undeformed valley rocks beneath. 


STRATI GR.A.PHY 
All the formations that crop out in Washington County are utilized to some extent as 
sources of water supply. Table 3 summarizes the lithologic and hydrologic properties of these 
aquifers. Their distribution within the County is shown on plate 2 (bedrock geology) and 
plate 3 (surficial geology). 


Pre-Cambrian Rocks 
The pre-Cambrian rocks of the Grenville series consist of schist and gneiss formed by 
the alteration of older sedimentary rocks by intruding magmas during periods of mountain 
building. Subsequent intrusions by magmas of different composition have resulted in the for- 
mation of irregular bodies of syenite, granite, and gabbro. More than one-fifth of the County 
is underlain by these crystalline rocks, which are exposed throughout Dresden Township, nearly 
all of Putnam Township, and parts of Fort Ann and Whitehall Townships. 
Syenite is the most common of the crystalline rocks in Washington County. It has a 
coarse-grained appearance, exhibits a gneissic structure, and is intimately mixed with the schist 
and gneiss of the Grenville series. The rock is hard and well drillers refer to it as "granite". 
In most places it crops out at the surface, there being but a thin covering of glacial till over 
the crystalline area and almost no residual or disintegrated rock. Intersecting sets of nearly 
vertical joints are common and the openings are of irregular size and distribution. 
Cambrian and Ordovician Systems 
The Potsdam sandstone of Cambrian age is well exposed in the valley of Wood Creek 
from Whitehall to Fort Ann and in smaller outcrops in the vicinity of West Fort Ann. It is a 
medium-grained massive sandstone composed of angular to sub rounded grains of quartz. sand 
of red, yellow, gray, and grayish-white colors. The grains are well cemented by silica, giving 
the rock, in most places, the appearance of a quartzite. Individual beds vary in thickness from 
a few inches to several. feet, and the bedding planes are well defined. The form-ation becomes 
more calcareous and slightly more porous toward the top, grading up into a series of alter- 
nating beds of light-colored sandstone and blue sandy dolomite. These beds have been called 
the "passage beds" of the Theresa formation (Cushing and others, p. 64-66), but as there is 
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no sharp boundary between them and the Potsdam sandstone, and as both show about the 
same water-bearing properties, the beds are here mapped with the Potsdam. The thickness of 
the Potsdam sandstone as here considered ranges from 300 to 400 feet, becoming thinner to- 
ward the south. The thorough cementation, although greatly reducing the original porosity 
of the rock, has produced conditions favorable for the development of joints. These are com- 
monly well formed, are approximately vertical, and occur in two sets trending N. 50 0 W. and 
N. 40 0 E. which divide the rock into rhomboidal blocks. 
'f.he so-called Taconic sequence of rocks comprises the following units: Bomoseen grit 
of Cushing and Ruedemann (1914), Mettawee slate, Schodack formation, and Normanskill 
shale. These units have been mapped in part by the following geologists: Dale (1899); Cushing 
and Ruedemann (1914); Prindle and Knopf (1932); Larrabee (1931); and Fowler (1950); 
and most of them were recognized in Washington County by the writer. However, as a de- 
tailed geologic map is not available for Washington County and as the rock units are so 
closely folded and metamorphosed that detailed geologic mapping is too time consuming for 
the purpose of this report, they are shown on the map of the bedrock geology (pI. 2) as one 
unit-Taconic sequence of rock. This sequence is believed to have a composite thickness of 
2,000 to 3,000 feet in Washington County. A short lithologic description of each formation is 
given in the following paragraphs so that the reader may be familiar with their recognizable 
features, but as their water-bearing properties are essentially the same they are described 
hydrologically as a unit. 
The Bomoseen grit of Cushing and Ruedemann (1914) is a dense medium- or fine- 
grained grit, spangled with minute scales of hematite. It is olive green on fresh surfaces but 
weathers to a reddish brown or light red. The red color which it gives to the soil is easily 
recognized. Near the top of the formation the grit is often associated with a 10- to 40-foot bed 
of calcareous sandstone and granular quartzite, which stands up on the surface in light-gray 
rounded hills. The sandstone, as described by Dale (1904, p. 15), usually consists of rounded 
quartz grains held together by a cement of crystalline and granular calcite or dolomite. On the 
weathered surface these grains stand out in relief and are slightly opalescent. The sandstone 
weathers to a porous greenish-yellow rock, and in the weathering process it loses the lime 
which it contained and becomes almost a pure sandstone. This is clearly shown in the following 
analyses by J. H. Salisbury (Fitch, 1849, p. 309) : 


Sandstone (Taconic sequence) 


Constituents 


Sandstone 
Undecomposed 
(percent) 


Partially 
decomposed 
(percent) 


Organic matter 
Carbonic acid 
Silica 
Alumina and peroxide of iron 
Phosphate of alumina and 
Phosphate of iron 
Lime 
Magnesia 
Potash 
Soda 
Chlorine 
Sulfuric acid 


5.74 
15.30 
52.72 
6.24 


0.56 
13.30 
4.68 
0.70 
0.11 
0.22 
Trace 


1.90 
Trace 
90.74 
5.56 


Trace 
0.16 
0.06 
0.18 
0.68 
0.12 
Trace 


99.59 99.46 
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The rock is more brittle than the surrounding shales and has a greater tendency to 
fracture than to fold, thereby providing more open spaces for the movement' of ground water, 
Wherever encountered by the well driller the sandstone bed has essentially the same drilling 
properties as the Ordovician limestones of the western trough. The writer believes the "lime- 
stones" reported in the logs of several wells in the shale belt of the Taconic sequence of Wash- 
ington County are in reality the calcareous sandstone at the top of Cushing and Ruedemann's 
Bomoseen grit. (See logs of wells at Battenville, West Hebron, and North Granville, table 9.) 


The Mettawee slate, the well-known roofing slate of New York and Vermont, is a fine- 
grained purple, green, gray, or mottled-gray slate and interbedded locally with layers of cal- 
careous quartzite usually less than one foot in thickness. The slate is hard and is broken by 
many sets of joints from which water issues in many deep quarries. 


The Schodack formation consists of thin-bedded black to gray arenaceous shale alternat- 
ing with thin bands of bluish limestone, limestone breccia, or beds of quartzite and grit. The 
banding is a prominent charcteristic as well as the rusty brown of the weathered shale. 


The N ormanskill shale is infolded in intricate fashion with the underlying Cambrian 
rocks of the Taconic sequence but is separated from them by an apparent unconformity. It is 
a blue to gray argillaceous and sandy shale or grit, containing chert beds which form white- 
weathering ridges that project through the soil covering and are easily recognized. The white- 
weathering chert beds are well displayed on the sides and summit of Willard Mountain south 
of Greenwich. The blue-gray grit often has intercalations of black carbonaceous shale, which 
give the rock a banded appearance in the edgewise view. Interbedded with the grit and chert 
are the distinctive red slates that are extensively quarried in Washington County. The total 
thickness of the Normanskill has been estimated at 1,000 feet (Cushing and Ruedemann, 
p. 91). 


The units of the Beekmantown limestone have been considerably revised since the name 
was first applied in 1899 (Clark and Schuchert, p. 877). The lower part of the Beekmantown 
was found to cross Cambrian-Ordovician time lines and such names as Little Falls, Hoyt, and 
Whitehall have been proposed by various workers to limit formations in the Cambrian. How- 
ever, to avoid the confusion introduced by the various terms, and as they form a complete 
lithologic unit, all the rocks that lie between the Potsdam sandstone as described herein and 
the Trenton group are here considered Beekmantown. 


The Beekmantown consists of massive coarse- to fine-grained dolomitic limestone with 
an average thickness of about 900 feet. Brainerd and Seely (1890, p. 2-3) give the following 
description of the Beekmantown from its type section in the Champlain Valley near Shore- 
ham, Vt. 


DIVISION A: 
Dark iron-grey magnesian limestone, usually in beds one or two feet in thickness, more 
or less silicious, in some beds even approaching a sandstone. Nodules of white quartz are fre- 
quently seen in the upper layers, and near the top large irregular masses of impure black chert, 
which, when the calcareous matter is dissolved out by long exposure, often appears fibrous 
or scoriaceous. Thickness 310 feet. 
DIVISION B: 
Dove-colored limestone, intermingled with light grey dolomite, in massive beds; sometimes 
for a thickness of twelve or fifteen feet no planes of stratification are discernible. In the lower 
beds, and in those just above the middle, the dolomite predominates; the middle and upper 
beds are nearly pure limestone; other beds show on their weathered surfaces, raised retic- 
ulated lines of grey dolomite. Thickness 295 feet, 
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DIVISION C: 
1. Grey, thin-bedded, fine-grained, calciferous sandstone on the edges often weathering 
in fine lines, forty or fifty to the inch, and resembling close-grained wood. Weathered frag- 
ments are frequently riddled with small holes, called Scolithus minutes by Mr. Wing. 60 feet. 
2. Magnesian limestone in thick beds, weatheting drib. 100 feet, 
3. Sandstones, sometimes pure and firm, but usually calciferous or Qolomitic. 70 feet. 
4. Magnesian limestone like No, 2, frequently containing patches of black chert. 120 ft. 
Thickness of C, 350 ft, 


DIVISION D: , 
1. Blue limestone in beds one or two feet thick, breaking with a flinty fracture; often 
with considerable dolomitic matter intermixed, giving the weathered surface a rough, curdled 
appearance; becoming more and more interstratified with calciferous sandstone in thin layers, 
which frequently weathers to a friable, ocherous rotten-stone. 80 ft. 
2. Drab and brown magnesian limestone, containing also toward the middle several beds 
of tough sandstone. 75 ft. 
3, Sandy limestone in thin beds, weathering on the edges in horizontal ridges one or 
two inches apart, giving to the escarpments a peculiar banded appearance. A few thin beds of 
pure limestone are interstratified with the siliceous limestone. 120 ft. 
4. Blue limestone in thin beds, separated from each other by very thin, tough, slaty 
layers, which protrude on the weathered edges in undulating lines. The limestone often ap- 
pears to be a conglomerate, the small enclosed pebbles being somewhat angular and arenace- 
ous. 100 ft. 
Thickness of D, 375 ft. 


DIVISION E: 
Fine-grained magnesian limestone in beds one or two feet in thickness, weathering drab, 
yellowish, or brown. Occasionally pure limestone layers occur, which are fossiliferous, and 
rarely thin layers of slate. Thickness 470 ft. 


The Beekmantown of Washington County has the essential characteristics of that of the 
Shore ham section. However, the thickness is estimated to range from 800 to 1,000 feet (R. H. 
Flower, personal communication), considerably less than the 1,800-foot Shoreham section. 


Excellent exposures of the limestones occur from Smith Basin to north of Whitehall and 
northeast of Glens Falls, in Warren County, They are nealy flat-lying beds, which dip only 
slightly to the southeast at angles of less than 8°. Well-developed jointing is common, and 
where the joint planes intersect the surface they have been greatly enlarged by solution to 
form open passages or channels. The openings are approximately vertical and fall into two 
sets. Compass readings on a number of joints in limestone in the Hudson Falls area indicate 
an average trend of N. 50° W. for one set and N. 40° E. for the other. Sinkholes are not well 
developed in these limestones. 


The rocks of the Trenton group of Ordovician age have been subdivided by Cady (1945, 
p. 556) into the Orwell and the Glens Falls limestones, which are mapped and discussed in this 
report with the Beekmantown because of their relatively narrow width and their similarity in 
lithology and structure to the Beekmantown limestone. The so-called Orwell limestone is a 
dark compact pure limestone. It occurs in heavy ledges and has a tendency to break with a 
conchoidal fracture. It stands out above other rock in gleaming white ledges and was once ex- 
tensively quarried in Washington County for burning into quicklime. The Glens Falls limestone 
as redefined by Cady is a thin-bedded dark coarse-grained limestone. The strata are separated 
by shaly interbeds and partings toward the top and grade up into the black shales of the Snake 
Hill formation. 


The total thickness of the Trenton group in Washington County is about 70 feet. The 
limestones crop out from a mile southeast of Smith Basin across the northwest corner of Hart- 
ford Township and into Fort Ann Township. 
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Mention should be made here of the elongate body of limestone that crops out on the 
west face of Bald Mountain and extends southward for about 5 miles. It consists of about 70 
or more feet of dark-gray massive sandy dolomite overlain by fine-grained bluish-gray lime- 
stone. It is trucated on both the top and the bottom by thrust faults, and does not extend for 
any distance either to the north or to the south. It has been called the Bald Mountain lime- 
stone by Cushing and Ruedemann (1914, p. 78) from its occurrence at Bald Mountain. It is con- 
sidered in this report to be a segment of the Beekmantown and Trenton that has been dragged 
up along the thrust fault which truncated the overturned eastern edge of the valley rocks (pI. 2). 
In the southeastern part of the County, probably separated from the other Taconic rocks 
by a thrust fault, is an extensive massif known as the Walloomsac slate. The massif consists 
of green to black smooth shale, schist, and soft slate. Included fossils indicate an age equiva- 
lent to the upper Normanskill. Its thickness is unknown. 
The Snake Hill formation probably was deposited largely in the Hudson-Champlain low- 
land but may have overlapped across the intervening barrier into the area of sedimentation to 
the east. The formation is similar to the N orman skill shale in lithology but lacks the develop- 
ment of the grit and white chert. In general, it is a dark argillaceous shale containing occa- 
sional sandy or carbonaceous bands. It may contain some pyrite. It is contorted and crumpled 
in most places in Washington County and is also cut by cleavage planes and smoothed slip 
planes which give it a glazed appearance. In the extreme western part of the County in the 
vicinity of Hudson Falls, the Snake Hill formation is nearly flat-lying and is in a relatively 
undisturbed position. Rocks of this description are well exposed in the gorge of the Hudson 
River between Glens Falls and Fort Edward. Its total thickness is believed to be about 600 feet. 


Quaternary System 
In Washington County deposits of Quaternary age are all unconsolidated and consist 
of Pleistocene deposits of glacial origin and minor amounts of alluvium of Recent age. The 
alluvium consists of fine sediments deposited by present-day streams during high water and 
is derived in part from the disintegration of bedrock and in part from the reworking of Pleis- 
tocene deposits. The materials, in general, are silt and fine sand, but they may contain a few 
beds of coarse sand and gravel. The Pleistocene deposits exposed at the surface were laid down 
beneath and in front of the last ice sheet and are principally of four types: till, lacustrine clay, 
outwash, and delta deposits, 
Till usually occurs as ground maraine and consists of unsorted rock debris derived from 
the ice sheet and deposited directly by it, either during its advance or at the time of melting. 
It forms the mantle of material overlying the bedrock in essentially all the upland areas. Its 
distribution within the County is shown on plate 3. This veneer of till varies in thickness from 
a featheredge on the steepest slopes and hilltops, where much bare rock is exposed, to a few 
tens of feet in the upland valleys and depressions. The material consists of a heterogeneous 
mixture of unsorted rock debris ranging in size from clay to large boulders. Some of the 
boulders are granite or quartzite, indicating a more distant source to the north, but the finer 
particles in till consist of shale and varicolored slate, suggesting a local origin. The results of 
mechanical analysis of three samples of till made by the Bureau of Soils, U. S. Department of 
Agriculture, are given in table 4. They show the relative amounts of the different sizes of rock 
material that make up the till. Because the local rocks are largely shale, slate, and limestone, 
the till is rich in clay. This clay, together with small amounts of calcareous materials which 
are dissolved by ground water and redeposited as a cement, at places forms a tough aggregate 
commonly termed "hardpan". The ground moraine is unusually thick at places and forms low 
oval hills or drumlins. The unstratified material constituting these glacial features has the 
same general characteristics as the thinner drift. These thicker till deposits may locally contain 
lenses of sand or gravel. 


15 



,...., <:> C"I 
 
 
 co co 0) I:- 
...4 0 
 C'i cO 
 0) 
.-4 1'""1 
0) a 1'""1 co 1'""1 0) 
.-4 
:::s 

 ..... 
:> 
:::s 
Z - C\':I 1'""1 co I:- 
 co co 0) 
- 
<: 0) 0 C'i 
 cO 1'""1 cO ari 0) 

 C\':I "=t4 0) 

 
= 
:::s 
0 
C) G)
 "=t4 
 
 
 
 "=t4 co 0) 

CIS 0 cO cO 0) 
= CIS_ co 
0 
CJ C"I co 0) 
to 
= 
..... 
..c:: 
CI.I C"I 1'""1 "=t4 0) C\':I C'! 
 co 
>- CIS 
.... 
 I:- 0 
 0 C'i C'i C\':I cO 0) 
c: 1'""1 C\':I C\':I 1'""1 0) 
::s <H 
0 0 
U 
 
c: G) 
0 t; I:- "=t4 I:- co 0) 
 0) 0) 
.... :::s co 
 
 
 0 cO cO 
 0) 
0\ rn 
c: ..c:: C"I 1'""1 C\':I 0) 
CI.I 
.:c - CIS 
..... 
In 0 ! 
ItJ rn 

 = :::s 
0 0) co <:> 
 
 C\':I C"I l:- 
..... 
 
 C'i ari 
 0) 
tit G) 1'""1 C\':I cO 
i6 Sot 1'""1 "=t4 1'""1 1'""1 0) 
.;: :::s 
CI) ;::: 
.... :::s 
E CJ 
1i C\':I 0) 
 0) C"I <:> co co 
-0 <: "=t4 C'i 
 
 ari ari cO 0 0) 
CI) C"I C\':I 1'""1 1'""1 0) 
.... <H 
ItJ 0 
:2 ..... 
0 s:I. co co "=t4 0) <:> 
In G) 0) co co 
c: A ari 0) c.-; 
 ari cO cO 0 
0 C\':I 
U 00 1'""1 C\':I 1'""1 <:> 
c: 1'""1 
::s ::) 
.... 
0 
In S - I:- "=t4 0) 
 
G) - 0) 0) 1'""1 co 
Q.. 
 8 C"I cO 
 
 cO C'i 0) 0 ci 
E G) 1'""1 C\':I C"I 0) 
..c:: 
ItJ .
 
In 
.... - 
.0 
0 :::s 
In s:I. 
 1'""1 I:- "=t4 
 C\':I C"I co 
G) 
 
 
 
 
 ci 
In 
 1'""1 1'""1 1'""1 
>- = 1'""1 1'""1 C\':I C"I 0) 
i6 CIS 
c: 
 
ItJ G) 
i6 a 
u s:I. 
.c G) C"I 
ItJ Sot 
 
 
..s::. s:I. C"I <:> 
u 
 C"I co <:> <:> 
CI) CIS r-.CI.I 
 
 C"I 1'""1 <:> <:> <:> 

 
 G)Sot 0 0 0 0 0 0 
CIS 
G) 1'""1 tI.) 
I A G)
 ..... 
..... aG) 0 0 0 0 0 0 0 C'CS 
.f- CIS,S ...... ...... ...... ...... ...... ...... ...... ...... 

 0 
.....- E-t 
G) ..... A:;:I 
 C"I 
 
:0 G) a 
 C"I co <:> 
ItJ 
 <:> 
 
 C"I 1'""1 <:> <:> 
I- 
 C'i 1'""1 0 0 0 0 0 
.0 
-= 
G) 

 
G) 
s:I. "'0 
CI.I s:: 
CIS C'CS "'0 

 ca tI.) "'0 s:: 
'E: CI) "'0 s:: C'CS 
0 tI.) s:: C'CS tI.) 
G) r-c tI.) "'0 
..c:: 1U C'CS CI) 
CI.I C'CS tI.) S s:: s:: 

 0 C'CS 

 
 CI) ::s tI.) tI:: 

 tI.) .r-4 
 
r-c "'0 Q) 
 
r-c C'CS s:: r-c ...... 
G) Q) 0 Q) Q) ..... C'CS 

 
 '..-1 '..-1 ..... 
:> Co) 
 :> 00. Co) 


16 



The lacustrine clay and silt laid down in the still waters of glacial Lake Albany are the 
most extensive stratified deposits of glacial origin in Washington County. The lacustrine de- 
posits occur at the land surface throughout the Hudson River and Wood Creek lowlands from 
the Rensselaer County line to the Essex County line (pI. 3). They represent the finer rock 
materials that were washed into the lake and deposited in the quiet water and were later ex- 
posed as flat terraces or bottom lands when the lake was drained, near the close of Pleistocene 
time. The clays occupy a series of bluffs or flat-topped terraces along the Hudson River. In 
Wood Creek valley they cover the flat to gent1y undulating valley floor. There is no definite 
line of contact with the till deposits of the upland section, but the 300-foot contour line rough- 
ly marks the outer boundary of the lacustrine deposits. The lower beds are predominantly of a 
pure fine-grained bluish clay showing horizontal laminations or varves. The blue clay grades 
upward into yellowish-red silt. The thickness is variable but averages around 150 to 175 feet. 
Outwash deposits consist of rock material that was washed from the melting ice sheet 
or the exposed land surface. As' here considered they occur either as valley-fill deposits in 
preglacial stream valleys or as kames and kame terraces along the valley sides. They are gen- 
erally younger than the till, and commonly rest on till. The valley-fill deposits were formed in 
local lakes or stream channels where spillways were controlled by ice or glacial debris. De- 
position in the temporary lakes was by means of meltwater streams in front of or along the 
side of wasting ice. The sediment is usually stratified and consists of clay, fine to coarse sand, 
and gravel. A vertical section of material is highly variable from one location to another. 
Horizontal bedding and crossbedding are well displayed. The kame and kame-terrace deposits 
were formed over and along the margins of stagnant ice that subsequently melted. They con- 
sist of poorly sorted and irregularly stratified sand and gravel. Mechanical analyses of four 
samples of outwash are given in table 4. 
Outwash occurs in Washington County in most of the stream valleys that are tributary 
to the Hudson River. The greater amounts are in the Taconic area in the southern part of the 
County (pI. 3). The two largest areas of outwash in Washington County occupy the extensive 
valley bottom of the Owl Kill near Cambridge and White Creek near Salem. The thicknesses 
of the deposits are influenced by the shape of the original bedrock valley and the location of 
a particular deposit with respect to the sides of the bedrock valley. The greatest thickness of 
outwash reported is 178 feet at W 343 in the center of the Owl Kill valley at Cambridge. The 
material of individual beds or lenses is rather uniform in size and is derived mostly from 
shale local to the Taconic upland. 
During melting of the Pleistocene ice sheet, a number of lakes of various sizes were im- 
pounded behind dams of ice or glacial drift in this area. Delta deposits were built at points 
where large streams, laden with rock debris washed from the ice or the exposed land surface, 
discharged into the lakes. The rock materials were deposited and spread out in. fan-shape as 
the streams entered the still waters of the lakes. Most of these lakes have long since been 
drained. 
Material composing the delta deposits ranges in size from fine sand and silt to coarse 
gravel, the grain sizes usually becoming progressively coarser in the direction of the delta 
head. The sand and gravel is well sorted and stratified. It is younger in age than the till and 
overlies it. At the outer margin of the delta the deposits may grade into lake clay in some 
cases overlie or interfinger with the clay. 
The largest of the Pleistocene lakes to cover parts of Washington County was glacial 
Lake Albany (Woodworth, 1905). It covered most of the Hudson Valley from the Rensselaer 
County line to the Essex County line. Large deltas were formed where the glacial Hudson 
River, Mettawee River, and the Batten Kill entered Lake Albany (pI. 3). Their present surface 
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features are characteristically sand plains, with the marginal limits of the plains indicated by 
changes in the topography and in the character of the surface material. Each delta plain is 
now trenched by the valley of its parent river. 


The finest example of the delta deposits in Washington County is the one formed near 
the mouth of the Batten Kill below Greenwich. The glacial delta of the Batten Kill maintains a 
comparatively flat-topped surface for 5 miles, both north and south of its apex at Middle 
Falls, at the western base of Bald Mountain and Schuyler Mountain, The material at the surface 
consists of sand and gravel, which gives way to the outer margins of the delta to the varved 
red clay so typical of this section of the Hudson River valley. The present stream has cut deep- 
ly into the delta and is flowing on bedrock at an elevation of about 120 feet above sea level. 
The average altitude above sea level of the bedrock surface is about 200 feet. Detailed logs 
of the material overlying the rock are generally lacking, as most of the drilled wells in the 
area are cased through the delta deposit and obtain water from the bedrock. Well W 228, situ.. 
ated on the inner portion of the delta, is reported to penetrate sand and gravel to a depth of 
114 feet. Well W 227 is reported to pass through 195 feet of hardpan, clay, and gravel. Well 
W 224 ends in gravel at a depth of 110 feet below land surface (table 9). From the available 
records it appears that there is considerable sand and gravel in the deposit, at least at its upper 
end, and that the deposit may reach the greatest thickness at the southern end of the delta 
approximately on a line between wells W 227 and W 220. 


The delta of the glacial Hudson River at Hudson Falls extends outward from the village 
to the north, south, and east, and terminates its outer portions in lake clay at an elevation of 
about 300 feet above sea level. The material at the surface is chiefly sand having a yellowish- 
brown color. All drilled wells for which records are available pass through this overlying de- 
posit and obtain water from the bedrock. Well W 51 is reported to pass through 65 feet of 
brown sand, 55 feet of blue clay, and 15 feet of fine sand before entering bedrock. Well W 53 is 
reported to pass through 27 feet of sand and 23 feet of yellow clay into bedrock. Thus, the 
records of these wells indicate that the coarser material composing the delta overlies lake 
clay at this point at a depth 25 to 60 feet below land surface. 
Few deep wells or borings penetrate the glacial delta of the Mettawee River at West 
Granville. The material at the surface consists of porous sand and gravel. The total thickness 
of the deposit is considered to be less than of the delta deposits previously described, although 
Well W 79 is reported to penetrate 117 feet of unconsolidated material before reaching bed- 
rock. 


GROUND WATER 


OCCURRENCE AND AVAILABILITY 
With respect to the occurrence of ground water, the geologic formations of Washington 
County can be classified in two groups: (1) igneous, sedimentary, and metamorphic rocks of 
pre-Cambrian and early Paleozoic age; and (2) unconsolidated Pleistocene and Recent de- 
posits. The first group, the bedrock, yields only slnall supplies and is significant chiefly because 
it occurs everywhere in the County. The unconsolidated deposits contain the most productive 
water-bearing materials in Washington County. Accordingly, the occurrence and availability of 
ground water in these deposits are discussed before the corresponding discussion of the con- 
solidated rocks. 


Unconsolidated Deposits 
The unconsolidated deposits include outwash, delta sediments, till, and lake clay, of 
glacial and glaciofluvial origin, and the Recent deposits of river alluvium. These deposits vary 
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considerably in lithologic composition and hence have different effects on the movement of 
ground water and yield of wells. 
Ground water occurs in outwash deposits in pore spaces between the particles of sand 
and gravel. In general, the particles are relatively well sorted within individual beds and the 
porosity is relatively high, as shown in tables 4 and 5, Because of these characteristics the per- 
meability of much of the outwash is high. In fact, outwash deposits, together with the delta de- 
posits, are believed to be the most productive aquifers in Washington County. Unfortunately, 
the areas underlain by outwash materials in Washington County are of small extent (pI. 3), 
being limited to those valleys whose streams either carried away glacial melt waters or were 
dammed by the ice itself. The principal outwash deposits occur in the Owl Kill valley near 
Cambridge and the White Creek valley near Salem. The available data concerning the water- 
bearing characteristics of outwash in these tw 0 areas are discussed in detail below. Little in- 
formation of this nature is available for the smaller areas of outwash, and for that reason they 
are not discussed in this report. However, much of the discussion of the water-bearing charac- 
teristics of outwash near Cambridge and Salem may also be applied in a limited way to the 
smaller areas. 


OUTWASH IN OWL KILL VALLEY 


Origin.-Outwash occupies the Owl Kill valley below an elevation of about 600 feet above 
sea level from its intersection with the Hoosic River northward to the Batten Kill. During the 
deposition of the material it is believed that a tongue or lobe of stagnant ice occupied the center 
of the Owl Kill valley. The southern terminus of this ice lobe probably stood at a latitude 
slightly south of Center White Creek. Under these conditions the flow of glacial melt water was 
down the sides of the valley between the ice lobe and the bedrock valley walls, and sediments de- 
rived from glacial till and from the ice surfa
e were deposited in these lateral channels. 
These deposits form kames and kame terraces and consist of irregularly stratified sand and 
gravel. Some of the lateral outwash may have been deposited around and over the' terminus of 
ice lobe, for eventually the narrow portion of the valley between Center White Creek and the 
Hoosic River was filled with outwash sand and gravel. The material deposited here acted as a 
temporary dam to the movement of water down the valley, and a lake formed behind the 
dam. In the quiet water of the lake, deposits consisting mainly of clay and silt were laid down. 
Coarser material was deposited along the shores as reworked kame-terrace gravels or as 
deltas at the mouths of small side streams. A large delta of sand and gravel was formed at the 
north end of the valley, evidently by a stream flowing southward from the present site of East 
Salem, This stream is thought to have flowed across a large block of ice which melted and 
collapsed near the close of the glacial period, leaving the present large depression at the north 
end of the valley near the great bend in the Batten Kill. At about this same time, it appears, 
a tributary of White Creek worked headward through the present narrow bedrock gorge at 
Shushan and captured the Batten Kill, diverting the drainage above East Salem into the Hud- 
son River below Greenwich. 
Character.-The coarser and probably the more permeable materials are thus in the 
kame and delta deposits, which are concentrated at the northern and southern ends and along 
the sides of the Owl Kill valley. The character of the outwash in the valley was determined 
chiefly from surface exposures and from a few well logs, The best exposures are in pits on 
the west side of the valley below Cambridge. The kame deposits consist of irregularly bedded 
sand and gravel. The material of individual beds is uniform in grain size, but there may be con- 
siderable variation between adjacent beds. Very few clay or silt lenses are noted in the ex- 
posures, Wells W 338 and W 346, on the east and west sides of the valley respectively, pene- 
trated 94 and 84 feet of sand gravel. No clay was reported in the logs of these wells. 
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The physical properties of kame material in the Owl Kill valley was determined from 
samples collected at two pits north of Cambridge (samples 5-7, table 5). Mechanical analyses 
of the samples were made according to A. S. T. M. standards in the structural-materials testing 
laboratory of Rensselaer Polytechnic Institute at Troy. A known weight of the dried sample 
was placed in a set of Tyler sieves and the sieves agitated for 20 minutes in a mechanical 
shaker. The fraction caught on each sieve was then weighed and the percentage calculated. 
The results of the analyses are given in table 5 and are graphically represented in figure 3. 
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Figure 3.-Diagram showing mechanical composition of outwash material in the Cambridge-Salem region. 
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Most of the samples consist of moderately assorted material, and almost all the material is 
included within two or three sizes. The approximate porosity of the three samples was obtained 
in the laboratory by adding measured quantities of water to known volumes of the dry 
material. The results ranged from 25 to 28.7 percent and the average was 27,3 percent. As the 
earth samples had been disturbed, the porosity values are probably only approximate but are 
considered to be of the right order of magnitude. These results compare closely with field tests 
of porosity of similar outwash materials made by Meinzer (1929, p. 83) in the Pomperaug Basin, 
Conn. 


Outwash deposits are exposed at the north end of the valley in a 35-foot, high bluff in 
the vicinity of the Cambridge water supply (W 12Sp). Coarse sand and gravel exists at the 
surface and becomes progressively finer in a southerly direction down the valley. The presence 
of clay is known only from wells and test pits. It appears that much of the clay occurs in the 
center of the valley, at least in latitude south of Cambridge. A test pit dug at the site of the 
new public school in Cambridge, near well W 344, encountered clay at a depth of 151f2 feet 
below land surface after penetrating gravel and fine sand. Wells at the Sheffield milk plant in 
Cambridge encountered clay at about the same depth. Well W520 close to this location pene- 
trated a considerable thickness of clay before reaching bedrock. The location of this well is 
shown on plate 1 and a log of the material is given in table 9. 


Thickness.-The thickness of the stratified material in the Cambridge Valley can only be 
inferred from the meager data that exist. Deep wells that penetrate to bedrock in the middle 
of the valley are lacking. Well W 338 on Spring Street, Cambridge, situated only 600 feet from 
shales cropping out on the east side of the valley, passed through 94 feet of gravel and sand 
without encountering bedrock. A drilled well in the southern part of the village, W 346, pene- 
trated to 84 feet and was terminated in gravel. An abandoned deep well, W 343, at the Shef- 
field milk plant at Cambridge is located near the center of the existing valley and has a meas- 
ured depth of 180 feet. As details of construction of this well are lacking, a magnetic well- 
casing explorer was used to measure the length of casing in the well. It was found to be 178 
feet. Inasmuch as drillers normally drive well casing only to the top of bedrock, the thickness 
of the material overlying bedrock at this point is probably about 178 feet. A second well close 
to this location, W 520, encountered bedrock at 152 feet after passing through clay and sand. 
Several wells in the vicinity of Center White Creek penetrated bedrock at depths between 80 
and 100 feet below land surface. 


In order to obtain further information on the thickness of the stratified material in the 
vicinity of Cambridge, electrical resistivity depth profiles were obtained by the Geological Sur- 
vey with the cooperation of the New York State Science Service at five sites, designated R-l, 
R-10, R-11, R-16, and R-17, as shown on figure 4. The resistivity measurements were taken with 
earth-resistivity apparatus of the Gish-Ro@ney type as modified and constructed by the Geo- 
physical Instrument Co" Arlington, Va. Data obtained at two of the sites, R-l and R-16, are given 
in figures 5 and 6. Definite conclusions cannot be drawn from the resistivity data alone without 
further work. However, preliminary interpretations of the geophysical datal suggest that the 
thickness of the stratified material beneath the center of the valley ranges from depths on the 
order of 100 to perhaps more than 200 feet. 


Thus, the information obtained from well logs and resistivity work suggests not only 
that the buried bedrock walls of the valley are relatively steep but also that the thickness of 
the outwash commonly exceeds 100 feet with considerably greater thickness of fill known in 
places. 


1 In review of the data both here and in the Salem area (p. 67), the aid and advice of Philip Donnerstag, New York State Science Service, 
and H, E. Skibitzke, U. S, Geological Survey, are acknowledged. 
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EXPLANATION 
. DRILLED WELL 


.. RESISTIVITY SITE 


X ROCK OUTCROP 


/"50o.'OOT CONTOUR LINE 
., 


..-.............................. 
............................... 
................................ 



 UPLAND AREAS ABOVE SOD-FOOT CONTOUR 
D VALLEY AREAS BELOW SOOofOOT CONTOUR 


Figure 4.-Map of Cambridge-Salem region showing resistivity sites. deep drilled wells. and rock outcrops 
used to delineate segments of the buried valleys. 
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Water-bearing properties.-Little is known of the water-yielding capacity of outwash in 
the Owl Kill valley. Only a few wells are known to obtain water from the outwash and none of 
them is a large-capacity welt Well W 338 was reported to yield 75 gallons per minute (gpm) 
at the time it was drilled (table 10), but it serves as a household supply and has never been 
pumped at capacity. A 19-foot driven well at the Sheffield milk plant at Cambridge, W 343, is 
reported to have been pumped at the rate of 100 gpm when it was first completed. The well 
penetrates sand below a layer of clay. The springs for the municipal water supply at Cam- 
bridge, W 12Sp, flow from the base of a depression in outwash gravel at a combined rate of 
about 475 gpm. Outwash also furnishes water to numerous shallow domestic farm wells in the 
valley. It is believed that it could yield larger quantities if wells were constructed and developed 
by modern methods. 


Water levels,-The water table, or upper surface of the saturated zone, is usually not 
far below the land surface in the area underlain by outwash. It approximately conforms to the 
configuration of the land surface and intersects all bodies of surface water, such as streams 
and swamps, except where such bodies happen to be perched over a layer of impermeable 
material. In order to determine the slope of the water table in the center of the Owl Kill 
valley, periodic measurement of water levels in five observation wells in the Cambridge area 
(W 333, W 336, W 339, W 344, and W 345) was begun in "September and continued through 
the latter part of 1946. All the wells are shallow dug or driven wells and only one, W 336, was 
in use during the period of measuring. Precise levels were run to the measuring points at these 
wells. Comparison of the altitudes of the water surfaces in these five observation wells in the 
Cambridge area on September 19, 1946, when ground-water levels were near their lowest stage 
for the year, shows that the wells are in an area of a ground-water divide. The slope of the 
water surface and the movement of ground water are toward the Batten Kill, northeast of a 
line extending northwest across the valley from the intersection of Route 313 with the White 
Creek-Jackson township line. The movement to the southwest of this divide is toward the Owl 
Kill. This is illustrated in figure 7 by a profile line that connects the upper surfaces of the 
water in the five wells. The well numbers are those used on the well-location map (pl. 1) and 
in the well records (table 10) at the back of the report. 


OUTWASH IN THE WHITE CREEK VALLEY. 


The area discussed below is divided into. two separate valleys, Black Creek valley (west- 
ernmost) and White Creek valley, by a buried ridge of rock extending southwest from Salem. 
The entire area south and west from Salem below the 500-foot contour level is underlain by 
outwash. No deep wells that encounter bedrock are known. 


Origin.-The history of the deposition of unconsolidated deposits in the White Creek 
valley near Salem is similar to that in the Cambridge area. Ancestral White Creek probably 
occupied a channel about like the present channel, but the lower course of the stream below 
the bend south of Salem may have been slightly south of the present course. It appears that an 
ice lobe persisted in the center of the valley and that lateral drainage between the lobe and the 
rock walls of the valley left a kame-terrace type of deposit similar to that in Owl Kill valley. The 
melting of the ice formed a shallow lake which persisted for a short time behind an ear:th or 
ice dam in the narrows below Fitch Point (pI. 1). Clay and silt deposits were laid down in the 
deeper waters of the lake, and tributary streams built deltas of sand and gravel along the 
margin. It appears that a delta of this nature was built by Black Creek across the valley floor 
northeast of Fitch Point. A similar delta was formed at the south end of the valley from debris 
brought in by tributary streams draining the upland areas on the south. 
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Character.-As in the Owl Kill valley, the character of the sediments in White Creek 
valley is known from surface exposures and a few wells. The kame deposits, where seen in 
gravel pits, are very similar in nature to those in the Cambridge area but the materials com- 
posing them are coarser. Mechanical analyses of five samples of this outwash material are 
given in table 5 (samples 1-4 and 8) and are graphically represented in figure 3. The porosity 
of one of the samples was determined in the laboratory to be 28.1. 


The presence and the character of the clays are known only from information received 
from well-drilling operations. A 70-foot well at H. P. Hood & Sons, Salem, W 266, penetrated 
an upper 20 feet of sand and gravel and then entered clay which continued to the bottom of the 
well. A well in Black Creek valley, about 11f2 miles west of Salem, is reported to penetrate 68 
feet of gravel. All shallow wells in the area are developed in coarse, porous gravel. 


Thickness,-As information was lacking on the thickness of the outwash, geophysical 
exploration by the electrical-resistivity method was conducted at five locations south and west 
from Salem village designated R-7, R-8, R-14, R-15, and R-18 (fig. 4). The data obtained at sites 
R-7 and R-8 are given in figures 8 and 9. The data from probes at R-7, R-14, and R-18 suggest 
that the depth to bedrock in the center of White Creek valley is considerable, but not so great 
as in the Owl Creek valley in the vicinity of Cambridge. Preliminary interpretation of the data 
at R-8 in the center of Black Creek valley suggests that beneath a surface layer of coarse gravel 
is a layer of clay which in turn overlies a layer having higher resistance (possibly bedrock) at 
a depth of only about 23 feet. 


Water-bearing properties.-The maximum water-yielding capacity of wells penetrating 
outwash in White Creek valley is not known, and specific data as to yield from most of these 
wells are lacking entirely. Only a few industrial and commercial wells are known to obtain water 
from outwash. A 15-foot dug well, W 264, which is used as a fire well at Salem, is reported to 
have been pumped by a fire engine for several hours with very little noticeable drawdown. A 
series of 4 connected driven wells 14 feet deep at the H. P. Hood & Sons milk plant at Salem, 
W 266, have been pumped at a rate of 160 gpm. A test well at the site penetrated an upper 20 
feet of sand and gravel and then entered clay which continued to the bottom of the well at 70 
feet. This well was abandoned for the shallow driven wells which penetrate the upper gravel 
layer. 


Water levels.-In order to show the relation between water-level fluctuations and pre- 
cipitation in the White Creek valley, and by inference elsewhere in Washington County, peri- 
odic water-level measurements were begun in 1946 in a well at Salem, W 264. This well has 
been retained as part of the network of observation wells in New York at which readings are 
obtained regularly. Records of water level at this well are published by the Geological Survey 
in its series of annual reports on water levels in the United States. The hydro graph of the 
water level in well W 264 and the monthly precipitation at Salem are shown in figure 10. In 
general, it can be seen that the lowest water levels are reached near the end of the growing 
season in September and October when precipitation, and recharge, are at their lowest. The 
greatest amount of recharge occurs during the winter and early spring when the use of water 
by vegetation is slight, and when moisture from melting snow can percolate downward with 
little loss from evaporation. Water levels ordinarily attain their highest stages during the late 
spring. It is interesting to note that there has been no overall trend in the rise or decline of the 
water table at well W 264 for the period of record shown. From comparison with observations 
at several other wells, it is believed that the water-level record for W 264 is approximately rep- 
resentative for most wells in Washington County not affected by heavy pumpage. 
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DELTA DEPOSITS 
In Washington County delta deposits are a very productive water-bearing formation, 
second in importance only to the outwash deposits. The particles making up the delta deposits 
are relatively well graded as to size, and the pore spaces are open, thus resulting in a fairly high 
permeability. Unfortunately, they have a limited distribution in the County and are not available 
for wide-scale development. 
Most of the wells in these areas were drilled for domestic and stock purposes requiring 
small quantities of water that can generally be -obtained from bedrock. Therefore, in order to 
avoid the expense of setting a screen and deve loping a well in gravel, most deep wells in these 
areas underlain by permeable delta deposits were drilled through them and obtain water from 
the bedrock. Few logs of the unconsolidated material are recorded and data concerning its 
water-bearing character are scarce. For this reason, only the area for which the most informa- 
tion is available, the Batten Kill delta, will be discussed in detail. Ground-water conditions in 
the other two areas are probably somewhat similar. 
The records of drilled wells in the delta deposits of the Batten Kill indicate that the 
bedrock surface is at an elevation of about 200 feet above sea level. As the surface of the 
delta is more than 300 feet above sea level, it appears that more than 100 feet of unconsoli- 
dated material overlies the bedrock in much of the area. There are indications that a deeper 
bedrock channel extends southward along the base of Schuyler Mountain. Well W 227 pene- 
trates 195 feet of unconsolidated material without reaching bedrock. A drilled well on the Allan 
Hand farm, W 224, penetrates 105 feet of sand and clay and draws water from a gravel stratum 
above the top of the bedrock. The static level of the water in the well is 20 feet below the 
surface. During a pumping test by the driller after completion of the well, the level of the water 
was lowered 40 feet but could not be lowered further while being pumped at a rate of 30 gpm. 
Well W 228 penetrated sand below a layer of clay, and the water flowed at the surface at the 
rate of 3.5 gpm. Pressure was sufficient to raise the water to the top of a 6-inch pipe extend- 
ing 5 feet above the ground. 
The delta deposits have not yet been developed to any great extent but it is believed 
that they are a potential source of sizable supplies of ground water. The water table is relatively 
close to the surface and therefore a considerable thickness of delta sedim ents is saturated. In 
order to obtain the maximum amount of water from the more permeable materials, test holes 
to determine accurately the position of strata of sand and gravel and the upper and lower 
limits of clay layers would be desirable, followed by installation of properly constructed wells. 


TILL 


Water occurs in till in pore spaces between individual grains, but as till consists of un- 
sorted rock debris the pores are generally small and the porosity is low. Because most till in 
Washington County contains a large amount of clay (table 4), it is relatively impermeable and 
yields water very slowly. It is probable that some wells dug into till obtain water from the 
more permeable lenses of sand and gravel or from the zone between the base of the till and the 
bedrock surface. Although the large amount of clay in till may cause ground water to move at 
a rather slow rate, it holds appreciable quantities of moisture which it yields to wells having 
a large infiltration surface. Because of its wide distribution in Washington County, it is the 
source of supply for numerous dug wells many of which yield sufficient quantities of water 
for domestic and stock use. As most of the wells have been dug by hand and are equipped with 
small hand or electric pumps which do not withdraw more than is needed, data as to the max- 
imum water-yielding capacity of the till are lacking. An average yield is estimated to be about 
1 or 2 gpm. Dug wells of large diameter are especially effective in recovering water from till 
deposits, inasmuch as they provide considerable infiltration surface and large storage capacity. 
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LACUSTRINE DEPOSITS 
Water occurs in lacustrine deposits in the pore spaces between individual particles. The 
particles of clay are relatively well graded as to size but they are extremely small, and the pore 
spaces, although open, are small; thus their permeability is not unlike that of till. Clay yields 
water very slowly, and few wells in Washington County obtain water from this material. Those 
wells that end in clay probably obtain their water from some overlying deposits of a coarser 
and more permeable nature. Where the clay occurs at the base of the section of unconsolidated 
deposits, it forms a thick relatively impervious layer over the bedrock, and it may in some cases 
be responsible for low yields from wells in bedrock. Where the lacustrine clay underlies a con- 
siderable thickness of sand and gravel along a river valley, a series of springs may originate 
at the contact of the clay with the overlying gravel. Such contact occurs along the outer flanks 
of the Batten Kill delta, where downward percolating water gives rise to springs (W 5Sp- 
W 10Sp, shown on pl. 1). 


ALLUVIUM 
In most places in Washington County the alluvium is not coarse enough or of sufficient 
thickness to be of importance as a source of ground water. Shallow wells that obtain water 
from the alluvial deposits probably intercept one or more lenses of sand. The average yield 
of 4 wells in alluvium is 9 gpm. Where the coarser alluvial deposits are in contact with a surface 
stream, they may yield sufficient water for small industries. 


Consolidated Rocks 
Consolidated rocks which occur everywhere in Washington County, consist of igneous 
and metamorphic crystalline rocks, and sedimentary sandstone, limestone, and shale (see 
section "Geology"). All these rock types, however, are dense and compact, and the movement 
and storage of ground water in them are controlled by fractures. The degree of fracturing 
causes some small differences in the water-yielding capacity, but generally the consolidated 
rocks have relatively small yields. The average yield of 231 wells drilled in bedrock for which 
records were collected is 9 gpm. The average depth of these wells is 144 feet. The yield is 
sufficient for domestic needs and for small industries and dairies, but consolidated rocks gen- 
erally do not yield sufficient water for municipal or large industrial supplies. 


GRENVILLE SERIES 
The Grenville series underlies most of the northwestern part of Washington County. It 
is exposed at the surface over much of Dresden and Putnam Townships and those parts of Fort 
Ann and Whitehall Townships that lie to the north and west of Halfway Creek and Wood Creek 
(see pIs. 1 and 2). The area is inhabited largely by summer residents, and the small water 
supplies that are required commonly are obtained from unconsolidated deposits overlying the 
bedrock; therefore, the Grenville series is used as a source of water supply in only a few places 
in the County 
In general, the crystalline rocks of the Grenville series yield only small supplies of water, 
as the rocks are dense and circulation of water is restricted to joint fractures. One well, W 4, is 
reported to flow at the rate of 1 gpm. Small springs are numerous and furnish comparatively 
soft water. The flow of these springs fluctuates with the season and may cease entirely in 
summer. 
POTSDAM SANDSTONE 
The Potsdam sandstone usually is found along the border of the crystalline mass of the 
Adirondack Mountains. In Washington County it crops out in bold ledges along the valley of 
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Wood Creek from Fort Ann to Whitehall and in smaller exposures in the vicinity of West 
Fort Ann and in Putnam Township. 
The yield of wells in the Potsdam sandstone in Washington County is small. Cementa- 
tion has closed the pore spaces in the sandstone so tightly that the rock itself yields but little 
water from the original interstices. The number and spacing of the joints and the size of these 
openings intersected by drilling determine the yield to individual wells. The average yield of 
4 wells penetrating the Potsdam sandstone in Washington County is 1.8 gpm; all wells for which 
records are available yield some water. Chemical analyses of samples from W 26 and W 69 
show that the water from the Pots dam sandstone has a moderate concentration of hardness 
but is softer than water from limestone. 


BEEKMANTOWN LIMESTONE AND TRENTON GROUP 
The limestone unit of rocks in Washington County overlies the Pots dam sandstone. The 
limestone crops out in most of the Wood Creek valley from Whitehall to Smith Basin and the 
relatively fiat area north of Fort Edward to the Adirondack Mountains (pI. 2). 
The limestones of the Beekmantown and Trenton may be considered as one hydrologic 
unit with an average thickness of about 1,000 feet. They rank next to sand and gravel as the 
most productive water-bearing beds in the County. Thus, the limestone unit has the highest 
average yield of all the bedrock and shows the greatest diversity with respect to yield. The 
yield of 51 wells ranges from 1 to 80 gpm and averages 12.7 gpm. Few springs occur in lime- 
stone in Washington County. 
The limestones of the Beekmantown and Trenton are dense and contain few visible 
primary openings other than bedding planes. Most of the openings that afford access to sub... 
surface water are secondary openings consisting of joints and other fractures. At surface ex- 
posures solution channels along joints are quite prevalent and afford easy access to down- 
ward-moving water. However, it is believed that these channels are not enlarged to a very 
great depth below the water table. Limestone is usually dissolved most rapidly above the water 
table where there is rapid percolation, and geologic evidence indicates that the volume of the 
limestones open to solution in this zone has remained small. Furthermore, drillers have re- 
ported encountering only occasional solution channels of small dimensions below the water 
table, which were probably formed by slowly circulating ground water in the zone of saturation. 
Thus, the chief water-bearing openings in the limestones are the joints, and the success 
of a well in this type of rock generally depends upon the number and size of the joints en- 
countered in drilling. Records obtained for 64 wells in the limestones of the Beekmantown and 
Trenton indicate two or more water-bearing joints are encountered in most of the wells and 
that the wells yielding the largest supplies of water draw from at least three and a maximum 
of five. Owing to the erratic distribution of these joints, there is always some uncertainty as 
to the success of a new well. Well W 125 was drilled for oil and gas to a depth of 842 feet in 
limestone and encountered only small amounts of water. In contrast, well W 58, only 88 feet 
deep, is reported to yield 80 gpm. 
Wells in the limestones of the Beekmantown and Trenton range in depth from 49 to 
990 feet and average 186 feet. It is probably uneconomical to drill much more than 200 to 300 
feet, as the records show no appreciable increase in the average yield below this depth. 
Analyses of water from these limestones show moderate concentration of dissolved 
mineral matter and fairly high total hardness. 
W ALLOOMSAC SLATE 
No records of wells penetrating the Walloomsac slate were obtained in Washington 
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County. In the outcrop area the topography is rugged, habitations are few, and most rural 
supplies are furnished from seepage springs issuing from the glacial drift. The average yield 
of wells in the Walloomsac slate in adjacent Rensselaer County is about 7 gpm. 


SNAKE HILL FORMATION 
The Snake Hill formation overlies the limestone in Washington County and is the sur- 
face rock over most of the Hudson River lowland and the area drained by Moses Kill (pis. 1 
and 2). On the east it has been overridden by great thrust sheets of rocks of the Taconic 
sequence, which have overturned the valley rocks in a westerly direction and in the Bald 
Mountain area brought the limestone into a position above the Snake Hill formation (see sec- 
tion B-Bl; pI. 2). The Snake Hill formation can be recognized by its blacker color and the glazed 
appearance of the rocks. 
The Snake Hill formation has a low effective primary porosity and storage, and trans- 
mission of water is controlled by joints and cleavage planes. The amount of water yielded to 
wells depends chiefly upon the number and size of the water-bearing fractures and upon their 
distribution. The size of the joint openings is small as the Snake Hill formation is relatively 
weak and therefore does not maintain large open fractures. However, it is very seldom that a 
well is drilled in this rock without obtaining some water. Of 82 wells in the Snake Hill forma- 
tion for which records are available, all are reported to yield some water; the range in yield 
is from 0.5 to 35 gpm, the average being 8.3 gpm. Only 4 wells, or less than 5 percent, are 
reported to yield 1 gpm or less. About 70 percent of the wells yield less than 10 gpm. 
The depth below which joints are too tightly closed to contain recoverable water is not 
known precisely, and it probably varies with the location. The available records show that at - 
depths greater than about 250 feet there is little or no increase in the yield of wells penetrat- 
ing the Snake Hill formation. This suggests that if water is not found in a particular well with- 
in 250 feet of the surface the prospect of obtaining a supply at greater depths is poor. The 
average depth of 82 wells, including overburden, is about 125 feet. The range in depth is from 
40 to 404 feet and the average penetration of bedrock is 90 feet. About 99 percent of the wells 
are less than 300 feet deep and 85 percent are less than 200 feet deep. 


TACONIC SEQUENCE OF ROCKS 
The rocks of the Taconic sequence underlie nearly half of Washington County (pI. 2). 
They are the basement rocks of the rolling plateau area of the Taconic section. 
These rocks yield small but reliable quantities of water to many drilled wells in Wash- 
ington County. Storage and movement of water is controlled by joints and cleavage planes. Sev- 
eral rock types are included in this grouping, and the type and degree of metamorphism have 
some bearing on the yield of wells. The average yield of 87 wells drilled into shale and grit 
facies of the Taconic sequence is 8.8 gpm. The wells range in depth from 40 to 590 feet and 
have an average depth of 136 feet. 
The best water-bearing bed within the shale formations appears to be the calcareous 
sandstone at the top of Cushing and Ruedemann's Bomoseen grit. The hard, brittle character 
of the rock causes it to fracture more easily, thereby developing many more open joints and 
fractures. The average yield of 17 wells known to penetrate the sandstone is 9.4 gpm. 
The Mettawee slate along the northeastern border of the County in the vicinity of Gran- 
ville yields some water but cannot be classed as a satisfactory aquifer; its average yield is far 
below that of other rocks of the Taconic sequence. The rock itself is dense and impermeable, 
but some water percolates along joints and crevices. Ground water was seen to seep from many 
of the joints in slate quarries near Granville. The average yield of 6 wells in slate for which 
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records were collected is 2.8 gpm. One well, W 103, was abandoned at a depth of 490 feet with- 
out encountering a water-bearing joint or fracture. The average depth of the wells in Mettawee 
slate is 188 feet. 


SPRINGS 
Several municipal ground-water supplies and a few of the domestic supplies in Wash- 
ington County are obtained from springs. In addition, the village of Schuylerville, in Saratoga 
County, obtains its water from a spring in Washington County (W 23Sp). The larger springs 
are found in areas underlain by unconsolidated deposits, whereas small springs are numerous 
in the hilly area in the eastern section of the County underlain by shale. Representative records 
are given in table 6. 
The springs flow under the force of gravity from openings in the rocks and are in effect 
an outcrop of the water table. They are seeps which percolate from the small openings in porous 
open material, such as a sand or gravel, or tiny streams which flow from joints or fractures in 
the rocks. 
Many fracture springs occur in the Adirondack and Taconic areas, in places where 
ground water circulates along these crevices in the bedrock and finds its way to the surface. 
They furnish small quantities of water, generally less than 3 gpm. Lick Spring (W 3Sp), one 
of this type, flows out from an opening in the Schodack formation. The water has a strong 
disagreeable taste and odor resulting from entrained hydrogen sulfide gas, a decomposition 
product of the pyrite in the shale beds of the Schodack formation. 
Many of the springs in the County are contact springs in that they issue from the con- 
tact of an impermeable material with an overlying permeable material. Such springs occur 
on the outer slopes of the glacial delta of the Batten Kill where beds of clay underlie sand and 
gravel and prevent further downward percolation of the ground water (W 5Sp, W 6Sp, W 
23Sp). One of these, W 23Sp, has an estimated yield of greater than 150 gpm. Other springs of 
this type occur in the Taconic area, where they issue from the contact of relatively impermeable 
shale with overlying glacial till (W 11Sp, W 18Sp). The springs in the Taconic and Hudson 
Falls area have small yields, available records showing flows of less than 10 gpm. Most of them 
supply ample water for domestic needs. In contrast to these small springs are the larger springs 
that occur at an outcrop of the water table in outwash materials; for example, spring W 12Sp. 
It actually consists of several springs which flow out from the base of a depression, which ex- 
tends below the water table in permeable sand and gravel. The depression is situated at the 
north end of the Owl Kill valley and the springs furnish water for the municipal' supply at 
Cambridge. When measured on August 29, 1946, the yield was about 475 gpm and the tem- 
perature of the water was 48° F. Other springs of this type furnish the municipal supply for 
Hudson Falls (W ISp) and Granville Water District 1 (W 14Sp). Water from seepage springs 
in Washington County varies in chemical character, but it generally contains fewer dissolved 
solids and is softer than most well water in the area. Analyses of water from 3 springs are 
given in table 7. 


UTILIZATION 
The average daily withdrawal of ground water in Washington County is estimated to be 
4 million gallons. Slightly more than half this amount is pumped for public-supply systems. 
Other principal users of ground water are industrial and commercial establishments, farms, 
and rural homes. 


Municipal Supplies 
Nine municipalities in Washington County have public water supplies. Of these, five use 
wells or springs as a source of supply. The average daily consumption of ground water at these 
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five municipalities was about 2,250,000 gallons in 1953. Schuylerville in Saratoga County obtains 
its water from springs in Washington County (W 23Sp). Although the municipal system is not 
discussed in this report, spring record is given in table 6. 


CAMBRIDGE 


The village of Cambridge obtains its water supply from a group of springs issuing from 
sand and gravel at the base of a large depression. The springs are situated about 3 miles north- 
east of the center of the village. A small pond has been created from which the water is 
pumped to a storage reservoir having a capacity of 2,500,000 gallons, but the maximum daily 
consumption is only about 78,000 gallons. The average daily consumption is about 60,000 gal- 
lons. Data on the springs, W 12Sp, are given in table 6, and a chemical analysis of the water is 
given in table 7. 


FORT EDWARD 


The village of Fort Edward derives its water supply from springs in Saratoga County 
about 2 miles west of the village. The water issues from Pleistocene sand and gravel and is 
stored in three resevoirs having a total capacity of about 9,000,000 gallons. The daily consump. 
tion for 1953 is reported by Morrell Vrooman Engineers to be 650,000 gallons, 25 percent of 
which is used at industrial plants. A chemical analysis of the water is included in table 7. 


GRANVILLE 


The village of Granville obtains its water from 14 drilled wells which penetrate the 
alluvium bordering the Mettawee River east of the village. Water is pumped from the wells 
directly into the mains and to a concrete storage reservoir of 1,250,000-gallon capacity on High 
Street. The average daily consumption is about 750,000 gallons. Data for the wells, W 97, are 
given in table 10 and a chemical analysis of the water is given in table 7. Included in table 7 
is an analysis of water from the Mettawee River to permit comparison with the village water 
pumped from the adjoining alluvium. 


GRANVILLE WATER DISTRICT 
Granville Water District serves the hamlets of North Granville, West Granville, and 
Truthville. The source of supply is a spring (W 14Sp) improved by a collecting basin and tile 
field, A brook adjacent flows over thick gravelbeds and it is reported water from the brook 
infiltrates to the spring. The water is fed from two 6-inch tile inlets where it is aerated over 
coke beds and pumped to a distributing reservoir in North Granville. This is an elevated steel 
storage tank having a capacity of 300,000 gallons. The average daily consumption was esti- 
mated by Morrell Vrooman Engineers to be about 40,000 gallons, 50 percent of the maximum 
daily consumption. Additional data and a chemical analysis of the water are given in tables 6 
and 7. 


HUDSON FALLS 
The principal sources of water supply for Hudson Falls consist of numerous springs 
located at the base of the gravel plateau north of the village and Spring Brook. The water from 
the small brook and from the springs is impounded in three reservoirs which are all connected 
and fed into one distributing reservoir. The total storage capacity is about 5,000,000 gallons. 
The average daily consumption for 1953 is estimated by Morrell Vrooman Engineers to be 
about 750,000 gallons, 40 percent of which is used for industrial purposes. The village also has 
an auxiliary water supply consisting of several drilled wells. Additional data on the springs 
and chemical analysis of the water are given in tables 6 and 7. 
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Industrial and Commercial Supplies 
Industrial activity in Washington County is largely concentrated in towns having muni- 
cipal water supplies and the water demands for industrial use are met largely by the public 
systems. Industrial establishments within areas served by those systems used an estimated 
450,000 gallons of water per day in 1953. This is about 20 percent of the distribution of muni
 
cipal supplies in the County. An additional estimated 100,000 gallons per day was used by 
individual industrial and commercial establishments. These establishments include dairies, 
which desired water of low temperature for cooling purposes, and stores, garages, filling sta- 
tions, restaurants, and inns located along the more important highways outside the limits of a 
municipal water system. The total daily consumption of ground water for industrial and com- 
mercial use in Washington County, including that supplied by public water systems, is esti- 
mated to be 550,000 gallons. 


Domestic and Farm Supplies 
Domestic water supplies throughout the County are obtained almost exclusively from 
privately owned wells and springs in areas not served by municipal systems. The domestic uses 
of water include drinking, cooking, washing, and sanitation. Water for stock use is also ob- 
tained from ground-water sources and, where the number of stock to be cared for is small, one 
well or spring may suffice for both stock and household. According to the 1950 census, approx- 
imately 23,000 people in Washington County live in areas not served by any pubiic water sup- 
ply. It is believed that the average per capita consumption in the rural areas is considerably 
less than in the towns and may be in the order of 50 to 75 gallons per day. Thus, the total daily 
utilization of ground water in the rural areas in Washington County is probably 1 to 1.5 mil- 
lion gallons or more. 


QUALITY OF WA.TER IN RELATION TO USE 
The chemical character of some natural waters in Washington County is shown by the 
analytical data in table 7. Analyses of 40 water samples from selected wells, springs, and sur- 
face-water sources were made by the U. S, Geological Survey and the New York State Depart- 
ment of Health. An effort was made to obtain water samples from each of the various types of 
rocks in the County. The results of chemical analyses are expressed in terms of parts per mil- 
lion (ppm) of water by weight. For example, a water sample having an iron content of 2.5 
ppm has an iron content equivalent to 2.5 pounds of iron dissolved in a million parts of water. 
The residue after natural water has evaporated consists primarily of mineral substances 
which are taken into solution as the water passes over or through the rocks. Some of the in- 
dividual constituents are discussed below. Water having less than 500 ppm of dissolved solids 
is generally satisfactory for domestic use and most industrial uses, except for the local difficul- 
ties resulting from excessive hardness or iron content. Water having more than 1,000 ppm is 
likely to contain enough of certain constituents to produce a noticeable taste or to make the 
water unsuitable in other respects. According to these limits, most of the water from wells in 
Washington County is satisfactory for ordinary use. The concentrations of dissolved solids in 
all but three of the samples from ground-water sources listed in table 7 range from 77 to 495 
ppm, the average being about 181 ppm. Samples collected from three wells, however, had 
concentrations of more than 2,000 ppm. Such water may be classified as mineral water and will 
be discussed separately. 
Iron in ground water is derived from the decomposition of pYrite and other iron-bearing 
minerals erratically distributed through the rocks and possibly from cementing materials in 
limestone. The iron content of the ground-water samples in Washington County ranges from 
less than 0.03 to 4.5 ppm. In most of the waters, iron is not present in suffident quantity to be 
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especially troublesome for ordinary purposes. The sulfur water derived from the shale com- 
monly contains an excess of dissolved iron that may separate out as black ferrous sulfide. 
Water from the Potsdam sandstone and the Taconic sequence of rocks generally contains 
moderate amounts of iron. The average content of iron in waters from unconsolidated rocks 
is about the same as that from consolidated rocks. 
With respect to ordinary use, the hardness of water is important and is the property that 
generally receives the most attention. Water having a hardness of less than about 60 ppm is 
considered soft. In Washington County ground water is, in general, hard. In all but the three 
samples of mineral water, hardness ranges from 50 ppm to 460 ppm, and averages 187 ppm. 
The bicarbonate content of ground water may result from solution of carbonate rocks 
such as limestone, dolomite, calcareous shale, and calcareous sandstone. A large percentage of 
the geologic formations in the County contain carbonate rocks and the ground water is rather 
high in bicarbonate, ranging in concentration, in all but three samples, from 28 to 368 ppm 
and averaging 186 ppm. The water in the formations of Ordovician age, especially in the Snake 
Hill formation, and in the calcareous shales and sandstones of Cambri.an age in the eastern 
trough, commonly are highest in bicarbonate. In the concentrations reported, bicarbonate has 
little effect on the ordinary use of water. 
Water in Washington County, except the mineral water, contains considerable less sul- 
fate than bicarbonate, its range being from 1.4 to 114 ppm. One sample has no measurable sul- 
fate. The extremely low sulfate in samples from wells W 70, W 155, and W 156 indicates pos- 
sibility of S04 reduction. The U. S. Public Health Service recommends 250 ppm as the upper 
limit for sulfate content in drinking water. In this area, sulfate ordinarily is a minor con- 
stituent of ground water except where gypsum or iron sulfides (usually pyrite) are present in 
the aquifer. In moderate quantities it has little effect on the quality of soft water, but it may 
increase the cost of softening hard water, and if precipitated as a salt of calcium or magnesium 
it forms a hard, adherent scale in steam boilers. 
Chloride occurs in amounts less than 30 ppm in most of the waters of Washington County 
and no one formation seems to yield water having a significantly higher concentration than 
another. Chloride in such small concentrations has little effect on the suitability of water for 
ordinary use. 
Although not shown on the table of analyses, hydrogen sulfide (H 2 S) is present in many 
of the underground waters of the County. It is a gas commonly believed to be formed by the 
reduction of the mineral pyrite or in some instances, sulfate, and gives to the water a charac- 
teristic rotten-egg odor and a noticeable taste. Ground water issuing from areas underlain by 
black shale commonly contains hydrogen sulfide. The water from "Lick Spring" (W 3Sp) 
contains appreciable quantities of the gas, as well as water from several drilled wells along the 
Hudson River from Clarks Mills to Fort Miller. 


MINERAL WATER 


Several wells in the western part of Washington County contain water sufficiently high 
in dissolved .solids to be considered mineral water. These are wells W 61, W 155, and W 156, 
for which analyses are given in table 7. These wells are about 14 miles northeast of Saratoga 
Springs, long famous for its mineral waters. Possibly some of the Washington County mineral 
water has an origin similar to that of the Saratoga Springs water, but a thorough study of the 
problem was beyond the scope of this investigation. 
Table 8 gives data for comparing the concentration of selected constituents in the Wash- 
ington County water and the Saratoga Springs water. The Saratoga Springs water is unusual in 
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that it has a high concentration of chloride and bicarbol\ate, and practically no sulfate. It also 
has considerable uncombined carbon dioxide, the quantities of which were not determined. Of 
the three Washington County waters, all are moderately high in chloride and bicarbonate. 
Samples from wells W 155 and W 156 have very little sulfate, whereas a sample from well W 61 
has considerable sulfate. The water from wells W 155 and W 156 is generally similar to that 
from the Old Red Spring at Saratoga Springs and from Gurn Spring about 6 1 /2 miles northeast 
of Saratoga Springs. 
The mineral springs of the Saratoga region are along or close to normal faults. Cushing 
and Ruedemann have mapped a large fault trending northeastward through Gurn Spring. This 
fault may continue northeastward and pass near wells W 155 and W 156. The two wells are 
close together, and the analyses of their water show similar chemical concentrations. Thus they 
probably obtain water from the same source, and perhaps from the same source as the Saratoga 
water. Several widely different theories have been presented to account for the origin of the 
Saratoga Springs water (Kemp, 1912; Cushing and Ruedemann, 1914; Colony, 1930; Strock, 
1944). Only two points are generally agreed upon: (1) the water probably originates as 
meteoric water and obtains most of its mineral content in deep zones, and (2) the water is 
more dilute the farther northeast of Saratoga Springs it occurs, The Saratoga water apparently 
comes from the Little Falls dolomite, whereas wells W 61, W 155, and W 156 tap the overlying 
Snake Hill formation. 


SUMMARY 
The occurrence, quantity, and quality of ground water available in Washington County 
are controlled largely by the geologic formations of the area. These consist of consolidated 
rock, overlain nearly everywhere by a cover of unconsolidated deposits of varying thickness. 
Both the structure and character of these rocks and deposits in large part affect the movement 
and amount of ground water that may be recovered by means of wells. 
Stratified deposits of sand and gravel offer the best possibilities for the development of 
large supplies. The average yield of properly constructed wells penetrating sand and gravel 
probably is about 100 gallons per minute, and it is believed relatively shallow wells in these 
materials will yield much larger quantities if modern methods of well construction and de- 
velopment are used. The principal areas of stratified deposits are the West Granville area, the 
Hudson Falls area, the Salem area, the Cambridge area, and the Batten Kill delta area. In some 
of these areas the permeable deposits are thin or, as in the Cambridge area, they may contain 
considerable clay which may make them less permable. Additional exploration in the form of 
test drilling and pumping tests is needed to determine proper locations for wells. 
In contrast to the unconsolidated deposits, ground water in the bedrock in Washington 
County is contained primarily in joints and cleavage cracks rather than in the pore spaces of 
the rock. Although the bedrock, in general, yields only small supplies of ground water, water 
of satisfactory quality and of sufficient quantity for domestic and farm use can be obtained al- 
most anywhere in the County from drilled wells penetrating the bedrock. The water from the 
Ordovician limestones is hard and may contain iron, hydrogen sulfide, and other minerals in 
troublesome amounts but is generally satisfactory. The joints in massive limestones are better 
developed than in the other rock types and are commonly enlarged by solution. Consequently, 
wells in limestones have larger yields than those in other bedrock formations, averaging 
about 12 gallons per minute, 
An estimated 4 million gallons of ground water is withdrawn daily in Washington Coun- 
ty. Approximately half the total amount of ground water withdrawn is used for public supply, 
five of the nine municipalities that have public systems using wells or springs as a source. The 
amount of ground water pumped by industries and commercial establishments in the County 
is relatively small and the principal use, other than for public supply, is for farms and rural 
homes. 
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Table 9.-Drillers' logs of selected wells in Washington County 


[See table 10 and plate 1 for records and locations of wells,] 


W 5; 6Z, 12.5S, 6.3E, drilled by Woodcock & Son in 1940; altitude 180 Thickness Depth 
feet. (feet> (feet) 
Clay .. ,... .......... .................... ......... ..,.. .......,................ ................ .............. 206 206 
Gravel at .. ............................,...... ................ ,.. ....... ... .... .....,...... ..... ,........ 206 


W 11; 6Z, 15.2S, 5.6E, drilled by Maynard in 1936; altitude 140 feet. 
Clay, yellow .................... ................................................. ........... ,........... 7 7 
Clay, blue ...... ......... ....... ... .........,................. ............ .............. ............ ...... 228 235 
Gravel ......... ...................... '..,.............................................................. ..... 5 240 


W 46; 7Z, 12.0S, O.3W, drilled by Woodcock & Sons in 1938; altitude 
150 feet. 
Clay and hardpan .. .......... ..... .... ..... .......... ...... ....... ..... ....... ..... .....,. ......... 54 54 
Shale, black . ............. .... ..... ................... ,........... ..... .............. .......... ......... 346 400 
Limestone, white .......... ................ .............. ........ ....... ................... ........ 4 404 


W 47; 7Z, 13.3S, 1.2W, drilled by Woodcock '& Sons in 1942; altitude 
160 feet. 
Clay.....,......... ................... ........... ..... .......... ........ .......... ............. .... ........... 20 20 
Shale, black .......................... ,....................................... ,.......... ,.... .......... 6 26 
Limestone .............................. ,.................................... ........................... 23 49 


W 51; 7Z, 12.5S, 3.7W, drilled by Woodcock & Sons in 1942; altitude 
298 feet. 
Sand, medium ........... ....... ...........................,.."...,..., .... ....... ,................,. 20 20 
Quicksand, brown .." ,.... ..... ................................. ..... ............ ....... ,.... ...... 45 65 
Clay, blue ...........................,............................... ......... ......... ................... 55 120 
Quicksand ... ,........ ..... .......... ,...,.........,.... .......... ,............... ..... .............. ,.. 15 135 
Limestone, black . ....... ............ ..... ............ ,... ..... .......................... ............ 22 157 


W 53; 7Z, 13.6S, 3.7W, drilled by Woodcock & Sons; altitude 280 feet. 
Sand ......... ,.... .............. ,............. .................. ...... ...... .......... .............. ........ 27 27 
Clay, yellow . ..... ....... ............ ....,............ ,..... .....,....... .... ................. ....... ,.. 23 50 
Limestone ....... .... ............ ..........,.........., ..................... ..... ............ ........... 125 175 


W 64; 7Z, 2.2S, O.4E, drilled by Woodcock & Sons; altitude 260 feet. 
Clay' .... .......... ....... ....... ...................... ... ..... ................ .............. .......... ...... 60 60 
Gravel ..................... .........................,....,........................................ .......... 12 72 


W 70; 7Z, 6.1S, 0.5E, drilled by Woodcock & Sons in 1941; altitude 
160 feet. 
Clay ..... .................... ,........................... .....,..................... ..... ......... .......... 
Limestone, black ...... .......... ....... ,........ .........,..,...,......... ............ ....... ....... 
Limestone, gray.. ....,. .......... ,... ....... ,.."......... .....,..,.......... ..... ..... .......,...... 


39.5 
660.5 
153.5 


39.5 
700 
853.5 
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Table 9.-Drillers' logs of selected wells in Washington County (Continued) 


W 72; 7Z, 6.9S, 0.4E, drilled by Woodcock &Sons in 1940-1941; altitude Thickness Depth 
160 feet. (feet) (feet) 
Clay and hardpan .......... ....... ....... ......... ,............................. ......... .......... 40 40 
Shale, black .............,.... .... ,........,............................... ............................. 40 80 
Limestone ..................... ,... ............... ,....... ................ ....... ..... .................. 652 732 
Granite, red .......................................................................... .................. 258 990 


W 75; 7Z, 5.9S, 4.2E, drilled by Woodcock & Sons in 1938; altitude 220 
feet. 
Clay . ,..........., .................... ....... ....................... ......... ..... ..... ..... ...... .......... 29 29 
Shale, black ......... ,....,............ ..... ......... ,.............. .............. ....... ............... 23 52 
IJmestone ...................................... .....,.,.......... ..... .............. ......... .......... 20 72 


W 118; 7Z, 8,3S, 2.9E, drilled by Woodcock & Sons in 1943; altitude 310 
feet. 
Clay .",...................."........ ,....................... ............. ,..... ..... ..... ................. 9 9 
Shale, black ......,....,....................,........". ,...,......... ....... ,..........., .............. 28 37 
Limestone, white . ..,.... .....,...... ..............,.........., ,.......... ............ ......... ...... 78 115 


W 127; 7Z, 11.8S, 1.3E, drilled by Woodcock & Sons in 1941; altitude 300 
feet. 
Topsoil .............................................................................................,...... 2 2 
Shale, black ..... ............. ,...,..........,.................... ....... .....,......................... 53 55 
Limestone, black ..... .............. ....... ......... ,..... ............,. ..,.... ...................... 17 72 


W 224; 8Z, 11.9S, 2.4W, drilled by Woodcock & Sons in 1941; altitude 320 
feet. 
Sand, medium .,.. ,. .......,...... ................ .................. .................................. 30 30 
Clay, blue ....................................................... ....... ........... ....................... 50 80 
Clay, reddish ............................................... ,.... .......................,..........,... 25 105 
Gravel ...... ....... ..... ..... ........... .......... ......... '...... ................ ....... .............. ..... 5 110 


W 249; 8Z, 2.7S, 3.7E, drilled by Woodcock & Sons in 1945; altitude 500 
feet. 
Top soil and sand ,.............................,................................................... 15 15 
Clay, blue ...................... ,... ..................... ............ ............................ ......... 120 135, 
Shale and sandstone .. .... ....... ,.... ..... ...... .................................. ............... 115 250 


W 266; 8Z, 5.5S, 8.6E, drilled by H. P. Hood & Sons in 1946; altitude 490 
feet. 
Sand and gravel ................. ..... ,......,..........,. ........ ............ ...... ................ 8 8 
Sand and gravel, fine ............................................................................ 12 20 
Clay ............,.,....................,.............................................................,........ 45 65 
Clay and sand ... ,........ ....... ,........ ................,. ..... ........... .......... ................ 5 70 


W 338; 8Z, 15.3S, 6.9E, drilled by J. McQueen & Son in 1938; altitude 520 
feet. 
Gravel and boulders ............... ,.,............ ............. ........... ..... .............. ..... 
Sand, medium ............ .......................,...... ,... ....... ............ ....... ......... ,...... 


87 
7 


87 
94 
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Table 9.-Drillers' logs of selected wells in Washington County (Continued) 


W 344; 


8Z, 15.9S, 6.3E, dug well; altitude 500 feet. 
Top soil................. ............. ........ .... .............,........... ....... ,........,...........,.. 
Clay, sandy .......................... .....................,......................,..........,............ 
Gravel ......... ,......................... ......,......... ........,.......................................... 
Sand, fine ........................... ........ ........... ,......,........ ,................................. 
Clay at ............. ........ ................. .............................................................. 


Thickness 
(feet) 


Depth 
(feet) 
1 
4 
14 
28 
28 


1 
3 
10 
14 


W 356; 8Z, 13.5S, 2.6E, drilled by Stewart Bros. in 1942; altitude 660 
feet. 
Clay and hardpan ..... ..... ................ ..... ........... ......... ......... .......... ,.... ....... 225 225 
Shale ......................... ................................ ,.............................................. 25 250 
W 381; 9Z, 3.2S, 4.3W, drilled by J. Saunders; altitude 325 feet. 
Clay and hardpan ........ ..... .............................. ..... ........... ..... ..... ........... ,. 99 99 
Shale ..... ............ ........ ............... ......... ......... ,............................................. 55 154 


W 398; 9Z, 3.1S, 0.6E, drilled by J. McQueen & Son in 1944; altitude 480 
feet. 
Hardpan and boulders .. .................... .......................................... .......... 
Shale ......................... ..... ....... ....... ........ ..................................... ,.............. 


W 411; 9Z, 2.5S, 6.3E, drilled by J. McQueen & Son in 1930; altitude 460 
feet. 
Top soil........ ..... ....... ......... ..................... .................................................. 
Clay, blue ................. ........... ............... ............. ................,....................... 
Quicksand .. ..................... .......... .......................... ..................... .............. 
Hardpan .......... ........... ................. ............ ..................................,............ 
Slate ............... ....... .............. ....... ................. ,................ ................... ........ 


W 445; 6Z, 17.5S, 8.2E; driller unknown; altitude 400 feet. 
Topsoil ........................ ....... ..........................,......,................................... 
Slate ............ .................................................,...........,.............................. 
Sandstone ... ..................... ............... ......... .........,.,...,............................ ,., 
Quartzite ....................,.................................,... ,.,...............,....,.............. 


W 496; 8Z, 9.8S, LOW; drilled by Woodcock & Sons in 1951; altitude 340 
feet. 
Clay, blue ................. ......................... ............................,......,......,..,........ 
Sand, fine ...................... ........................... .....................,...............,.,..,.... 
Limestone, white ..........................................................,...,....,.,........,..,.. 
Limestone, black ....................,.............,........................,.,.,..",.......,....... 
Limestone, white . ................. '.'" ....... ................. .................,.......... ..... ..... 
Limestone, black .....................................,........................,.......,.,........... 
Limestone, white ........................ ........................................,..,.,.............. 


W 498; 8Z, 12.9S, 6.5E, drilled by Woodcock & Sons; altitude 540 feet. 
Gravel and boulders ........ .......................................................,.............. 
Shale . ............ ......... ....... ....... ......... ..... .....................,....... .............. ..... ...... 
Limestone, black ...............,..........,.................,....................................... 


48 


87 
63 


87 
150 


6 6 
42 48 
3 51 
48 99 
51 150 
3 3 
12 15 
25 40 
2 42 


80 80 
5 85 
12 97 
7 104 
17 121 
31 152 
20 172 
45 45 
16 61 
22 83 



Table 9.-Drillers' logs of selected wells in Washington County (Concluded) 


W 512; 8Z, 14.1S, 2.8E, drilled by Woodcock & Sons in 1951; altitude 780 
feet. 
Clay ... ....................................... ,.......................... .................. ................... 
Hardpan ...............................................,...,......... ...... ............................... 
Gravel .,...........................................,....,............................................. ...... 


Thickness Depth 
(feet) . (feet) 
30 30 
40 70 
7 77 


W 516; 8Z, 15.8S, 7.7E, drilled by Hudson Falls Well Drilling Co. in 1943; 
altitude 530 feet. 
Sand and quicksand .... ,. ............ ............. ......... ........................ .............. 72 72 
Hardpan .....,.......................................................................... .................. 13 85 
Shale .....................,.................... ....... ...... .........., ......... ..... ..... ......... .......... 15 100 


W 518; 8Z, 14.7S, 9.0E, drilled by Hudson Falls Well Drilling Co. in 1949; 
altitude 710 feet. 
Hardpan and gravel .................. ...... ...... ..... ,...... .............. ...................... 75 75 
Hardpan ..,......................,...,....,............................. ........ .................. ........ 35 110 
Gravel .........,...........,................. ..... ............. ....... ................... ,...... .... ........ 18 128 


W 520; 8Z, 16.0S, 5.7E, drilled by J. McQueen & Son in 1947; altitude 480 
feet. 
Clay, yellow and blue ............................................................................ 70 70 
Sand, fine with gravel. ,........ ............ ................ ,............... ....... ..... .... ...... 6 76 
Clay ,......... ........................................ ............,........ ................................. 12 88 
Sand, fine with gravel...................,........................................................ 4 92 
Clay ......................................... ............................ .... ..... ...................... .... 60 152 
Schodack limestone .............................. ............ ........... ............... ............ 76 228 


W 524; 8Z, 10.2S, 11.9E, drilled by J. McQueen & Son in 1951; altitude 
600 + feet. 
Clay and loam, some sand .................................................................... 15 15 
Slate, hard, with streaks of limestone................................................ 293 308 
Granite .......... ................................. .........o. .............. ..... ..... ...................... 29 337 
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